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DUCTLESS  GLANDS  AND 
DEVELOPMENT -I L 

Amphibian  Metamorphosis  Considered  as  Consecutive  Dimorphism, 
Controlled  by  the  Glands  of  Internal  Secretion 

Julian  Huxlev, 
Oxford  University,  England 


"CRETIN"  AND   NORMAL  TADPOLES 

Figure  1.  Cn  the  left  are  two  thyroidless  tadpoles,  showing  extremes  in  size.  On  the 
right  are  two  frogs  from  the  same  "brood,"  and  of  the  same  age  as  the  tadpoles.  The 
frog  on  the  extreme  right  had  his  thyroid  removed,  but  examination  showed  that  part  of 
the  gland  had  been  left,  and  this  fragment  was  sufficient  to  produce  metamorphosis.  The 
distortion  of  the  large  tadpole's  tail  is  an  abnormality  from  which  both  normal  and  thyroid- 
less  tadpoles  suffered,  supposed  to  have  been  due  to  some  impurity  in  the  water.  Lack  of 
the  thyroid  gland  does  not  have  an  adverse  effect  on  the  growth  of  tadpole  tissues.  In  fact, 
"tadpole  constitution"  develops  to  an  unusual  size,  but  typically  adult  tissues  are  greatly 
retarded  or  do  not  develop  at  all.  Photograph  reproduced  by  permission  of  Dr.  Bennett  M. 
Allen,  and  the  Journal  of  Experimental  Zoology.     See   text,   p.   11. 


IF  WE  try  to  penetrate  a  little  deep- 
er, we  shall  be  driven  to  the  con- 
clu.sion   that,   since   the   thyroid,   so 
far    as    is    known,    has    always    as    its 
main      function      the     acceleration      of 
general    metabolism,   the    two   types    of 


internal  environment  really  differ  in 
regard  to  metalM)lic  rate,  the  basal 
metabolism  of  the  larval  stage  being  less 
than  that  obtaining  at  metamorphosis. 
We  then  conclude  that  the  larval  tis- 
sues are  adapted  to  live  at  a  low.  the 


♦This    is    the    conclusion    of    Dr.    Hurley's    article    on    the    causes    of    Amphibian    Meta- 
morphosis.    The   first  part  appeared   in   the  preceding  number   of   the  Jocrx.vl. 
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adult  tissues  at  a  higher  rate  of  meta- 
boHsm.  and  that  when  the  metabohc 
level  is  raised  beyond  a  certain  point, 
the  larval  tissues  break  dovi^n.  That 
tissues  are  unable  to  maintain  them- 
selves in  a  functional  state  v^hen  cer- 
tain alterations  in  conditions  occur, — 
in  other  words,  that  they  dedifferen- 
tiate— is  well  known.  When  all  tissues 
dedifferentiate  mora  or  less  simultan- 
eouslv.  there  is  a  regression  of  the 
whole  animal  to  a  simplified  state,  as 
in  Clavellina.  When  only  some  are  af- 
fected, the  result  may  be  a  complete 
resor])tion  of  the  affected  organs,  due 
to  migration  of  the  cells  into  the  cavi- 
ties  of   the  bodv  ;°*   or  a  beginning   of 


tJiyroxin  concentration,  and  variations 
in  the  sensitiveness  of  the  tissues. 

If  this  is  so,  the  primary  mechanism 
of  metamorphosis  should  be  (a)  an  ad- 
verse eft'ect  upon  the  purely  larval  tis- 
sues, followed  by  their  partial  dediff'er- 
entiation,  this  followed  l)v  incii)ient  re- 
sorption, and  this  by  phagocytosis:  (b) 
an  acceleration  in  the  rate  of  growth 
of  all  specifically  adult  tissues,  which 
are  those  that  are  adapted  to  grow  bet- 
ter at  a  higher  rate  of  metabolism. 

\A'e  have  in.  this  a  general  answer 
to  our  second  ])rincii)al  (|Ucstion,  a< 
to  the  mechanism  of  metamorphic 
change.  To  pursue  this  point  in  detail 
would   take  us   too    far  afield,   and   we 


resorption  followed  by  phagocytosis.  It  ,-,-,^3^  content  ourselves  with  the  v?rv 
is  this  last  method  which  appears  to 
occur  in  Amphibian  metamorphosis.  By 
starving  young  tadpoles.  I  have  been 
able  to  obtain  localized  dedifferentiation 
in  small  areas  of  the  tail,  the  histologi- 
cal api)earance  being  very  like  that 
which  obtains  at  metamorphosis.  In 
this  case,  phagocytosis  only  appears  to 
obtain  to  a  verv  small  extent. 


The  Mechanism  of  Metamorphosis 
The  important  researches  of  Champy 
have  thrown  a  new  light  on  the 
threshold  values  for  dift'erent  tissues. 
He  finds  that  in  frog  tadpoles,  after 
a  single  administration  of  thyroid,  cer- 
tain tissues  res]X)nd  by  a  progressive 
increase  in  the  proportion  of  mitoses, 
others  by  a  progressive  decrease,  while 
still  others  show  no  change  in  growth- 
rate.  What  is  more,  one  and  the  .same 
tissue  may  show  localized  areas  of  all 
three  descriptions,  distinguishable  solely 
by  their  mode  of  reaction  to  thyroid- 
diet.  In  other  words,  the  action  of 
thyroxin,  like  that  of  so  many  other 
hormones,  depends  not  only  on  its  own 


general  statement  that  certain  tissues 
have  a  lower  optimum  metabolic  rate 
for  maximum  growth,  others  a  higher, 
and  that  the  former  spontan?f)usly 
l)reak  down  v/hen  the  rate  is  raised  too 
far.  their  debris  being  cleared  away 
later  by  the  phagocytes. 

T^Ietamorjihosed  .\m])hil)ia,  so  far  as 
known,  show  no  im])ortant  morphologi- 
cal changes  when  their  thyroids  are  re- 
moved. If  this  is  corroborated,  it 
shows  that  the  high  concentration  of 
thyroid  is  not  necessary  for  the  mainte- 
nance of  adult  structure  in  the  .same 
way  that  low  concentration  is  necessary 
for  the  maintenance  of  larval  structure, 
and  cmi)hasizes  the  irreversibility  of 
mctamor])hic  processes. 

Bearing  in  mind  the  idea  of  the  two 
internal  environments,  distinguished  by 
different  rates  of  metabolism,  we  may 
be  able  to  grasp  certain  other  of  our 
problems  more  clearly. 

In  parenthesis,  it  may  be  observed 
that  some  recent  writers,  e.  g..  Swin- 
gle'"   and     Kendall."    believe    that    the 


specific  projierties.  but  also  on   specific      thyroid  secretion  acts  in  different  ways 


properties  of  the  tissues  it  affects.  As 
we  have  said  before,  there  are  there- 
fore two  classes  of  variables  to  be 
kept  in  mind  in  dealing  with  any 
problem  such  as  metamorphosis,  into 
which  the  thvroid  enters,  variations  in 


in  .Amphibia  and  in  Mammals,  the 
metamorphic  effect  in  the  former  l)e- 
ing  due  solely  to  the  iodine  content  of 
the  thyroid  hormone,  the  rise  in  basal 
metabolism  seen  in  the  latter  being  due 
to  a  si:)ecific  iodized  organic  compound. 


*For   numbered    references,   sec   "Literature    Cited"   at   end    of   article. 
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1 

THYROID    FED    TADPOLES    AND    CONTROL 

Figure  2.  Larvae  of  the  bull  frog  normally  retain  the  tadpole  form  for  two  or  even 
three  years  before  metamorphosis  takes  place,  the  changes  produced  in  the  three  "half-and- 
half"  individuals  shown  were  the  result  of  twenty-six  days  of  thyroid  feeding.  Notice  the 
great  decrease  in  size  that  has  occurred,  the  tissues  being  literally'  broken  down  and  burned 
up  under  the  more  rapid  metabolism  produced  by  increased  concentration  of  thyroid  secre- 
tion. Photograiph  reproduced  by  permission  of  Dr.  \V.  W.  Swingle,  and  the' /oh;-;;*;/  of 
Experimental  Zoology. 


thyroxin.  Allen'  seems  inclined  to 
adopt  the  same  view. 

This  hypothesis  is  based  chiefly  on 
the  extremely  important  fact  discovered 
by  Swingle'"  and  already  referred  to, 
that  inorganic  iodine  produces  meta- 
morphosis in  Anuran  tadpoles,  and 
this  whether  they  are  normal  or  have 
had    their   thyroids    removed. 

However,  even  in  adult  mammals  it 
has  been  shown  that  inorganic  iodine 
in  the  l)lood-stream  is  very  rapidly 
taken  up  by  the  th}-roid.  and  is  quickly 
built  into  some  specific  organic  com- 
pound (presumably  thyroxin).  In 
mammals,  therefore,  iodine  is  promptly 
elaborated  by  the  organism  to  form 
part  of  a  complex  substance  which  is 
the  thyroid  hormone. 

So  far  as  one  can  judge,  exa:t!y  the 


same  process  is  at  work  in  larval  Anura. 
The  provision  of  an  amount  of  iodine 
greater  than  the  normal,  up  to  the  high- 
est concentration  tolerated  by  the  ani- 
mals, results  in  an  increase  in  the  size 
of  the  thyroid,  and  in  the  amount  of 
its  colloid  content. ""  On  the  other 
hand,  when  one  large  dose  of  thyroid 
substance  is  given  as  food,  metamor- 
phosis occurs,  but  the  thyroid  remains 
small,  increasing  very  little,  if  at  all, 
in  volume."  In  other  words,  an  excess 
of  thyroid  hormone  acts  directly  and 
does  not  require  to  be  worked  up  by 
the  animal's  own  thyroid  gland,  where- 
as an  excess  of  free  iodine,  however 
great,  is  worked  uj)  by  the  animal's 
own  glands,  presumably  into  the  nor- 
mal thyroid  hormone,  before  exerting 
its  metamorphic  effects. 
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The  final  startling  discovery  by  Swin- 
gle, that  inorganic  iodine  will  meta- 
morphose even  thyroidless  larvae,  at 
first  sight  seems  to  militate  against  this 
view.  However,  as  Swingle  himself 
pointed  out,  it  only  implies  that  the 
general  tissues  of  the  body  possess 
to  some  extent  qualities  which  have 
been  specialized  in  the  thyroid  tissue. 
Uhlenhuthi'*'  !''•  justly  points  out  that 
we  know  nothing  of  the  fate  of  the 
iodine  in  the  body  and  that  it  is  easy  to 
suppose  that  it  is  worked  up  as  to 
believe  that  it  acts  directly.  As  a  mat- 
ter of  fact,  it  is  easier  to  believe  the 
former,  since  Swingle's  own  results 
showed  that  thyroidless  animals  meta- 
morphosed less  rapidly  than  normal 
ones  in  the  same  concentration  of 
iodine.  This  would  be  the  case  if  the 
same  processes  were  occurring  in  both, 
only  less  rapidly  in  the  thyroidless  ones. 
whereas  it  would  not  be  so  if  the  total 
concentration  of  iodine  were  the  de- 
termining factor. 

Metabolic   Indicators 

It  must  always  be  remembered  that 
in  the  adult  mammal  complex  self- 
regulating  mechanisms  are  at  work, 
which  tend  to  keep  the  production  of 
tlie  active  secretion  of  any  gland  with- 
in comparatively  narrow  limits.  In 
the  developing  Amphibian,  however. 
such  regulatory  machinery  a])])ears 
not  to  exist,  so  that  it  is  easy  to  ob- 
tain a  relative  increa.se  in  the  size  and 
productiveness  of  a  i)articular  ductless 
gland.  In  the  tadjiole.  therefore,  iodine 
above  the  normal  is  incorporated  into 
the  thyroid ;  whereas,  in  the  healthy 
adult  mammal,  the  balance,  after  a 
c()ni])aratively  small  amount  has  Ijeen 
taken  up  l)y  the  thyroid,  is  excreted. 

'!  aking  all  these  facts  into  considera- 
tion, it  is  fair  to  say  that  in  Anura. 
iodine,  diirinc/  larval  life  at  Irast.  is  a 
limiting  factor  for  the  growth  of  the 
thyroid,  so  that  with  more  iodine,  more 
of  the  iodized  organic  compound  is 
formed ;  further,  that  in  thyroidccto- 
mized  animals,  the  same  or  a  sinvlar 
organic  compound  is   formed,   but  that 


it  cannot  be  formed  so  rapidly  or  in 
such  large  quantities  by  the  unspecial- 
ized  general  tissues  as  by  the  thyroid, 
which  has  been  specialized  for  this 
particular  function. 

Further,  the  failure  of  iodine  alone 
to  produce  metamorphosis  in  Axolotls 
and  at  least  some  other  Urodela.  where- 
as thyroid  is  effective,  is  imijossible 
to  reconcile  with  the  hypothesis. 

The  evidence  at  present  strongly  in- 
dicates that  inorganic  iodine  exerts  any 
metamor])hic  effects  it  may  have  in 
Amphiljia  in  the  same  way  as  it  exerts 
an}'  therapeutic  effects  it  may  have  in 
Mammalia,  indirectly,  through  the  thy- 
roid gland ;  and  the  onus  of  proving 
that  the  substance  which  exerts  an 
effect  upon  Amphibian  metamori)hosis 
is  not  the  same  as  that  which  causes 
a  rise  of  basal  metabohsm  in  mam- 
mals, rests  on  those  who  propound 
such  a  theory. 

This  is  of  considerable  imjiortance. 
since,  if  the  effect  of  thyroid  ujion 
Amphibian!  metamorphosis  is  of  the 
same  nature  as  its  effect  upon  human 
basal  metabolism,  the  Amphibia,  so 
soon  as  an  accurate  quantitative  method 
is  devised,  can  be  used  as  "metabolic 
indicators,"  and  will  be  of  the  greatest 
value  as  such ;  whereas  they  will  not 
have  this  value  to  physiological  science 
if  the  thyroid  secretion  acts  on  them 
in  a  different  way  froiu  what  it  does  in 
mammals. 

If  it  is  possible  to  have  tissues  wiiich 
can  only  maintain  themselves  below  a 
certain  level  of  metabolism,  it  is  ef|ual- 
ly  possible  to  have  similar  tissues 
adapted  to  a  higher  rate,  and  thus  not 
breaking  down  until  a  higher  relative 
concentration  of  thyroid  secretion  is 
reached  in  the  organism.  It  should 
equally  well  be  ])ossible  to  have  tis- 
sues which  did  not  undergo  general 
breakdown  (apart  from  some  wasting 
away  due  to  increased  metabolism) 
under  the  influence  of  the  greatest 
concentration  of  thyroid  substance 
artificially  producible  in  the  organism, 
any  more  than  do  the  adult  tissues  of 
.\m])hibia    and    those    of    mammals    as 
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TISSUE    SENSIBILITY    AND    THYROID    FEEDING 

Figure  3.  A-A,  B-B.  C-C,  tissue  sensitivity  (levels  of  metabolic  rate  at  which  break- 
down of  larval  organs  occur),  in  Anura,  Axolotl,  and  Xecturus,  respectively;  T-T, 
maximum  metabolic  effect  possible  to  produce  by  thyroid  feeding;  Ta,  Tb,  Tc,  curves  of 
thyroid  growth  for  Anura.  Axolotl.  and  Xecturus.  respectively.  Only  m  the  case  of  Anura 
does  the  rate  of  thvroid  growth  enable  it  to  secrete  a  sufficient  concentration  of  thyroid  to 
produce  metamorphosis.  By  artificial  thyroid  treatment  it  is  possible  to  increase  the 
metabolic  rate  of  Axolotls  to  the  metamorphic  point,  but  the  greatest  concentration  of 
thyroid  that  Xecturus  will  tolerate  does  not  serve  to  break  down  the  larval  tissues. 


the  restilt  of  heavy  thyroid  doses.  It 
would  api)ear  that  it  is  in  this  way 
that  Xecturus.  for  instance,  has  be- 
come i)ermanently  larval  in  form  and 
immune  from  the  metamorphic  effects 
of  thyroid.  In  Proteus/'  and  Nectu- 
rus/'  the  histological  structure  of  the 
thyroid  is  normal,  but  its  size,  espe- 
cially in  Proteus,  is  relatively  small. 
This  in  itself  will  render  normal  meta- 
morphosis difficult  or  impossible,  but 
it  will  not  explain  why  no  amount  of 
thvroid  treatment  will  induce  meta- 
mori^hosis.  This  latter  fact,  it  seems 
to  me.  is  only  explicable  on  the  assump- 
tion that  a  change  has  occurred  in  the 
other  partner,  so  to  speak,  in  the  busi- 
ness of  metamorphosis — the  larval  tis- 
sues— rendering  them  insusceptible  of 
breakdown  under  increased  metabolism. 
That  larval  tissues  may  thus  differ 
in  different  species  in  their  metabolic 
relations  is  shown  by  the  interesting 
observation    of     Allen'    that     different 


species  of  Amphibia  when  thyroid- 
ectomized.  attain  different  degrees  of 
development  before  differentiation 
ceases ;  thyroidless  Bnjo  Icntiginosits 
larvae,  for  instance,  attain  greater  limb- 
development  than  thyroidless  Riuia 
pipicns  larvae. 

In  the  Axolotl.  the  same  two  pro- 
cesses are  probably  at  work.  There 
is  probably  a  relative  insufificiency  of 
thvroid  secretion,  and  this  relative  in- 
sufficiency is  due  partly  to  an  abso- 
lutely decreased  rate  of  differentiation 
and  a  decreased  end-size  of  the  thy- 
roid itself,  partly  to  a  change  in  the 
metabolism  of  the  body  in  general ; 
but  neither  of  these  changes  seem  to 
have  gone  so  far  as  in  Xecturus.  Ex- 
periments are  now  being  undertaken 
to  test  the  correctness  of  this  view. 

The  longer  time  necessary  to  meta- 
morphose a  mature  than  an  immature 
Axolotl  by  thyroid  feeding,  already 
alluded  to,  is  interesting  in  this  connec- 
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THREE  WEEKS  OF  THYROID 
FEEDING 

FiGURK  4.  Control  and  thyroid-fed  tad- 
poles after  twenty-three  days  of  thyroid 
feeding  show  the  terrific  acceleration  in  de- 
veloipment  that  an  increased  concentration  of 
thyroid  secretion  produces.  Accompanying 
these  external  changes  are  even  more  re- 
markahle  internal  ones.  In  two  weeks,  the 
undifferentiated  alimentary  of  the  tract  of 
the  tadpole  decreased  in  length  246  mili- 
meters  (nearly  ten  inches),  and  from  a  sim- 
ple tube  differentiated  into  stomach,  in- 
testine, and  the  other  parts  constituting  the 
digestive  system  of  the  normal  adult  frog. 
Photograph  reproduced  by  permission  of  Dr. 
W.  W.  Swingle  and  the  Journal  of  Ex[>cri- 
vicnlal  Zooloiiy. 

tion.  The  mature  tissues,  it  would 
appear,  do  imt  break  down  so  readily 
as  the  inimatiue  under  the  action  of 
thvroid  secretion.  .\  rou.sjh  dia.e^ram. 
which  is  intended  only  as  a  |L!;rapliic 
symbol,  may  help  clarify  this  ar!Lj;u- 
ment.      (  l^'is^:.  ''^.) 

If  we  accept  this  view,  wc  mijL,dit 
expect  to  find  that  Anura,  as  the  jj^rou]) 
in    which    metamorphosis    is    the    most 


specialized,  show  an  increased  siis- 
ceptibility  of  their  larval  organs  to 
thyroid  concentration.  That  this  may 
possibly  be  so  is  shown  by  Uhlen- 
huth's  discovery'"  that  iodine  in  some 
Urodeles  at  least,  is  not  efficacious  in 
bringing"  about  metamorphosis. 

The  fact  that  Axolotls  and  other 
Urodeles  do  not  metamorphose  under 
simple  iodine  treatment  would  then 
indicate,  as  suggested  above,  that  their 
larval  tissues  are  less  susceptible  to 
increase  in  l)asal  metabolism,  so  that 
the  limited  amount  of  increase  which 
iodine  can  bring  about  in  the  thyroid, 
e\en  when  free  iodine  is  present  in 
the  greatest  amount  which  the  animals 
will  tolerate,  is  insufficient  to  do  what 
larger  (juantitics   of   thyroid  can  effect. 

Use  of  the  Thyroid  a  Matter  of 
Convenience 

It  is  ftnlher  clear  that  normal  utili- 
zation of  the  thyroid  by  Amphibia  as 
an  initiator  of  metamorphosis  is  a 
matter  of  convenience,  so  to  speak,  not 
of  necessity.  When  metamorphosis 
does  occur,  and  there  is  therefore  a 
marked  consecutive  dimori)hism,  the 
general  i)r()l)lem  is  primarily  of  caus- 
ing the  larval  tissues  to  In-eak  down 
at  a  given  time,  and  secondly,  of  caus- 
ing the  more  rapid  growth  of  adult 
tissues.  Whatever  change  of  external 
or  internal  enviroimient  may  be  foimd 
which  will  promote  this  breakdown, 
may  be  utilized  to  promote  metamor- 
phosis. 

In  insects  it  is  known  that  the  whole 
type  of  metabolism  alters  at  meta- 
morphosis, indicating  a  ])ronoimced 
(iualitati\e  change  of  internal  environ- 
ment. In  Echinoids.  the  writer  has 
recently  suggested  that  the  sinking  of 
the  larvae  to  the  bottom,  as  the  result 
of  the  increasing  weight  of  the  Echinus 
rudiment,  may  be  the  initiatory  factor 
in  metamorphosis,  since  the  lienthic 
environment  is  unfavorable  to  the  lar- 
val tissues,  adapted  as  they  are  to  the 
totally  ditTercnt  conditions  of  plank- 
tonic    life.'"      if    this    should    be    sub- 
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stantiated.  the  change  of  environment 
which  ai)|)ears  to  initiate  metamorpho- 
sis would  here  he  external,  not  internal. 

To  revert,  however,  to  our  si)ecial 
prohlem  of  Amphihian  metamorphosis. 
We  have  seen  that  the  consecutive 
dimorphism  of  metamorphosis  is  com- 
parable to  that  of  certain  types  of  her- 
maphroditism. It  remains  to  point  out 
that,  if  such  were  of  advantage  to  the 
organisms,  it  would  be  easy,  theoret- 
ically, to  establish  a  simultaneous  di- 
morphism similar  to  that  of  bisexual 
organisms.  If  in  an  animal  like  the 
Axolotl.  for  example,  in  which  the 
balance  between  thyroid  and  other  tis- 
sues is  fairly  close,  a  mutation  were 
to  occur  that  would  result  in  bringing 
about  metamorphosis,  then  if  we  call 
this  the  mutant  factor  T  and  the  nor- 
mal factor  t,  we  should  have  meta- 
morphosing animals  of  classes  TT 
and  Tt  and  neotenous  individuals  of 
class  tt.  It  this  condition  were  ad- 
vantageous, it  could  no  doubt  be  per- 
petuated, as  is  the  dimorphism  of 
Primula  in  regard  to  style-length.  As 
a  matter  of  fact,  it  is  impossible  to 
imagine  that  such  a  condition  could  be 
of  biological  advantage :  none  the  less 
the  illustration  is  useful  as  showing 
the  verv  close  connection  which  exists 
between  the  mechanism  of  metamor- 
phosis and  that  of  sex-dimorphism.  I 
will  not  press  the  point ;  those  inter- 
ested can  work  out  for  themselves  com- 
parisons with  gynomonoecism  and 
various  other  kinds  of  sex-distribution. 

A  further  interesting  parallel  with 
sex  is  provided  by  the  unpublished  ob- 
servations of  Dr.  Hogben,  to  whom 
many  thanks  are  due  for  permission 
to  mention  them.  Certain  combina- 
tions of  anterior  and  posterior  pitu- 
itarv  treatment,  it  seems,  lead  to  the  es- 
tablishment of  an  apparently  permanent 
state  intermediate  between  the  larval 
and  the  adult  form,  and  comparable  to 
the  balanced  triploid  intersexes  of 
Bridges'  Drosophila  ( in  Scioicc,  New 
Series  54:-252,  1021). 


Other  Factors 

The  i)roblem  has  thus  far  been  sim- 
plified by  omitting  almcxst  completely  all 
references  to  other  factors,  which,  like 
the  i)ituitary.  have  an  effect  uixin  meta- 
morphosis.-- "•  '"•  1"* 

These,  however,  seem  usually  to 
produce  this  effect  indirectly,  by  act- 
ing upon  the  thyroid,  and  can.  there- 
fore, for  the  i)urposes  of  an  essay  such 
as  this,  be  logically  included  under  the 
general  heading  "rest  of  the  body,"  or 
the  "general  larval  organization." 

It  is  clear,  however,  that  the  "gen- 
eral organization"  is  very  complicated, 
and  that  its  effect  on  metamorphosis 
is  theoretically  separable  into  a  num- 
ber of  single  factors,  all  of  which  can 
be  considered  as  coming  into  a  relation- 
ship, whether  positive  or  negative,  with 
the  effect  of  the  single  factor  of  thy- 
roid-diff'erentiation.  In  precisely  sim- 
ilar fashion,  the  work  of  Bridges  shows 
that  as  regards  sex  we  have  on  the  one 
hand  the  single  factor  (using  the  word 
not  in  its  technical  but  in  its  general 
sense)  of  the  sex-chromosome  which 
may  be  present  in  single  or  in  double 
dose,  and  on  the  other  hand  the  opera- 
tion of  a  number  of  factors,  namely 
individual  genes  scattered  throughout 
the  autosomes,  some  exerting  eff'ects 
antagonistic,  others  eff'ects  comple- 
mentary to  that  exerted  by  the  sex- 
chromosome. 

It  is  clear  that  the  more  we  know 
about  these  individual  factors,  the 
further  will  our  analysis  proceed. 
\Miat  I  would  specially  like  to  point 
out  is  this :  metamorphosis  provides  a 
clearly  defined  and  easily  recognizable 
reaction,  which  throws  light  on  certain 
important  processes  occurring  in  the 
organism ;  it  may  in  this  respect  be 
comi)ared  with  the  visible  reaction  of 
litmus  or  other  indicators  to  changes  in 
hydrogen-ion   concentration. 

The  Physiology  of  Development 

Rut  what  is  of  special  interest,  if  the 
views  that  I  have  been  expressing  are 
well-founded,    is    that    the    phenomena 
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for  which  metamorphosis  acts  as  an 
indicator  are  processes  of  differentia- 
tion and  that  it  is  their  relative  rates 
which  are  important.  We  are  intro- 
duced to  a  possibiHty  of  studying  by 
experimental  means  a  field  which  so 
far  has  scarcely  been  accessible  save  to 
observation — I  mean  the  time-relations 
of  development.  So  far,  the  science  of 
Developmental  Physiology  has  sought 
to  establish  simple  causal  relations  be- 
tween particular  developmental  happen- 
ings within  or  without  the  organism. 
It  has  established  the  optimum,  mini- 
mum, and  maximum  temperatures  for 
the  development  of  many-  organisms, 
the  chemical  substances  necessary  for 
growth,  the  abnormalities  produced  by 
alterations  in  the  medium.  It  has 
further  found  that  certain  organs  mav 
exert  "formative  stimuli,"  to  use 
Herbst's  well-known  phrase,  upon  the 
development  of  other  organs.  Clas- 
sical examples  of  these  are  the  influence 
of  the  optic  cup  of  vertebrates  upon 
lens-formation,  and  tiie  influence  of 
the  ojjtic  ganglion  and  antennary  centre 
of  Crustacea  upon  the  form  of  the 
structure  regenerated  after  the  eve- 
stalk  is  cut  off. 

But  Developmental  Physiologv  can 
hardly  be  said  to  have  entered  upon  its 
quantitative  phase.  To  do  this,  it  is 
essential  that  we  think  in  terms  simi- 
lar to  thosL'  introduced  into  chemical 
science  by  the  methods  of  Phvsical 
Chemistry.  \\'e  must  think  in  terms  of 
processes  and  relations  between  pro- 
cesses. The  physiology  of  develo])ment 
is  quite  difl'erent  from  the  jihysiologv 
of  adult  life,  since  the  latter  is  mainly 
concerned  with  the  regulation  of  the 
functions  of  the  body  so  that  they  do 
not  depart  beyond  certain  limits  from 
the  normal.  Developmental  Physiology, 
on  the  other  hand,  is  concerned,  not 
with  constancy,  but  with  change ;  dur- 
ing develojiment  continually  new  struc- 
tures and  functions  are  appearing,  each 
phase  proceeding  to  a  jioint  at  which 
it  resolves  itself  into  a  new  and  quali- 
tatively different  phase;  and  the  regu- 
lation that  exists  is  concerned  with  the 


proper  sequence  of  these  phases  in  such 
a  way  that  a  normal  adult  is  the  out- 
come. 

Thus  if  EntzvickliDigsuicclianih,  or 
Developmental  Physiology,  wishes  to 
become  accurate,  it  must  concern  itself 
with  the  speed  and  the  cqiiilihriiDn  of 
processes.  Time-relations  on  the  one 
hand,  interaction  on  the  other — these 
are  the  two  chief  points  with  which 
it  must  deal.  We  have  seen  that 
metamorphosis  depends  upon  the  time- 
relations,  inter  alia,  of  thyroid-differen- 
tiation :  we  have  also  seen  that  the 
inter-relation  of  thyroid  differentiation 
with  other  developmental  processes  has 
to  be  considered.  This  point  of  view  has 
been  introduced  into  general  biology 
mainly  by  Goldschmidt's  work  on  con- 
secutive intersexuality.  It  is.  I  think, 
safe  to  prophesy  that  Amphibian  met- 
amor])hosis  will  provide  the  most  fa- 
vorable field  for  the  next  steps  in  its 
cultivation.  There  are  many  clinical 
observations  on  mammals  and  man 
which  await  elucidation  from  such  a 
(|uantitative  study  of  Developmental 
Physiology:  variations  in  the  onset  of 
puberty  ;  pathological  sexual  ])recocity  ; 
infantilism;  progeria;  premature  senil- 
ity and  so  forth. 

In  conclusion,  one  or  two  ])oints  may 
be  touched  upon  which  these  general 
considerations  help  to  illuminate.  We 
have  seen  that  it  is  a  fallacy  to  think 
of  the  thyroid  as  having  a  specific 
metamorphosis-producing  effect.  In  the 
same  way,  it  is  a  fallacy  to  think  of  it 
as  being  a  sjiecific  growth-promoting 
agent.  This  idea  has  gained  currency 
owing  to  the  fact  that  cretins  are  per- 
manently stunted  in  growth,  and  that 
early  thyroid  administration  often 
causes  normal  growth  to  be  resumed. 
.\  physiologist  with  whom  I  was  con- 
versing recently  was  much  surprised — 
one  could  almost  say  horrified! — on 
hearing  that  thyroidectomy  did  not  ad- 
versely affect  the  growth  of  tadpoles. 
The  fact  of  the  matter  appears  to  he. 
as  we  have  seen,  that  certain  tissues 
grow  well  at  a  low  level  of  thyroid 
concentration,    others    at    a    high    level. 
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Among  those  which  appear  to  need 
a  high  level,  those  composing  the 
human  hrain  are  prominent.  Many  of 
the  stunting  effects  of  cretinism  are 
quite  probably  secondary,  due  to  the 
absence  of  the  normal  trophic  effects 
of  the  stunted  nervous  system;  (com- 
pare the  experiments  of  Forsterling  on 
similar  secondary  stunting  due  to  x-rav 
treatment  of  the  brain  region  in  mam- 
mals ) .  In  a  precisely  similar  way,  the 
human  brain  requires  a  high  tempera- 
ture to  work  properly;  lowering  its 
temperature  a  few  degrees  will  bring 
about  a  failure  of  consciousness.  Sim- 
ilarly, it  is  so  familiar  as  often  to 
escape  notice  that  a  high  temperature 
and  consequent  general  rapidity  of 
metabolism  is  necessary  for  develop- 
rnent  to  occur  at  all  in  mammals  and 
birds ;  their  development  ceases  at  a 
temperature  still  above  the  optimum 
for  that  of  Amphibia. 

In  this  connection,  it  is  interesting  to 
note  that  the  relative  size  of  the  thy- 
roid is  stated  to  increase  progressively 
in  the  different  classes  of  Vertebrates, 
being  smallest  in  fish,  and  largest  in 
warm-blooded  animals.  To  put  it  as 
crudely  as  possible,  "frog-constitution" 
without  thyroid  only  becomes  a  tad- 
pole;  "man-constitution"  without  thy- 
roid becomes  a  cretin.  The  difference 
between  the  two  cases  is  that  one  is 
pathological,  the  other  is  not.  This 
difference  between  the  requirements  of 


the  tissues  of  tadpoles  and  those  of 
warm-l)looded  Vertebrates  should  not 
be  forgotten  when  estimating  the  value 
of  experiments  with  tadpoles  as  a 
means  of  throwing  light  on  human 
physiology. 

Summary 

(i)  Amphibian  metamorphosis  is 
considered  as  a  transition  between  two 
phases  in  a  consecutive  dimorphism, 
and  as  initiated  by  a  change  in  internal 
environment. 

(2)  The  similarity  of  metamorpho- 
sis to  the  sex-change  in  protandric  and 
protogynous  hermaphrodites  and  in 
Goldschmidt's  intersexual  moths  is  em- 
phasized ;  the  dimorphism  of  sex  is 
associated,  like  that  of  metamorphosis, 
with  differences  in  internal  or  external 
environment. 

(3)  The  similarity  of  the  break- 
down of  larval  tissues  to  that  of  the 
tissues  of  lower  organisms  in  dediffer- 
entiation  and  resorption  is  pointed  out. 

(4)  Amphibian  metamorphosis  is 
probably  determined  by  the  relation 
between  thyroid  differentiation  and 
the  processes  involved  in  the  general 
metabolism  of  the  rest  of  the  larval 
body. 

(5)  Through  the  study  of  Am- 
phibian metamorphosis,  we  are  enabled 
to  study  the  processes  of  differentiation 
quantitatively  as  regards  their  individ- 
ual rates,  and  their  interaction  with 
each  other. 
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RASPBERRY  BREEDING  NOTES 


Paul   Thayer 
Pennsylvania  State  Agricultitral  College,  College  Station,  Pa. 


THERE  is  growing  wild  in  the 
vicinity  of  the  Ohio  Agricultural 
Exi)eriment  Station  at  Wooster 
a  yellow-fruited  form  of  the  common 
blackcap.  Rubus  occidentalis.  Having 
in  the  variety  trial-i)lots  of  the  Station 
plants  of  the  Golden  Queen,  which  is 
virtually  a  yellow- fruited  Cuthbert, 
the  writer  was  curious  to  see  what 
would  be  the  result  of  crossing  these 
two  yellow-fruited  representatives  of 
normally  dark-fruited  species.  Recip- 
rocal crosses  were  made.  The  Golden 
Queen  pollen  worked  well  on  the 
Yellow  Cap,  but  the  Yellow  Cap 
pollen  on  the  Golden  Queen  gave  few 
fruits  and  the  resulting  seedlings  were 
such  as  to  cast  a  doubt  upon  the 
work.  Of  the  two  dozen  Yellow  Cap 
X  Golden  Queen  seedlings  every  one 
was  yellow  fruited  and  all.  with  one 
possible  exception,  showed  the  extreme 
vigor  and  peculiar  habit  of  growth  of 
the  hybrid  "purple-cap"  or  Rubus 
neglectus.  The  fruit  was  larger  than 
that  of  the  parent  Yellow  Cap,  as 
well  as  more  juicy,  and  with  the  typical 
neglectus  flavor.  In  color  it  was  the 
faint  pinkish  yellow  of  the  Golden 
Queen.  This  suggests  that  the  yellow 
color  mav  not  be  a  true  color  but  rather 


an  absence  of  ccjlor  or  a  sort  of  albin- 
ism. It  also  suggests  the  possibility  of 
breeding  out  the  unattractive  "pur- 
ple" color  of  the  purple-caps  and  secur- 
ing red-fruited  or  Ijlack- fruited  neglec- 
tus varieties  by  using  a  yellow-fruited 
form  for  one  parent  in  hybridizing,  and 
thus  permitting  the  other  to  impress 
its  color  on  the  offspring. 

Another  line  of  work  followed  was 
the  crossing  of  Cuthbert  and  Ranere 
(St.  Regis)  in  the  hope  of  securing  a 
seedling  with  the  autumn-bearing  habit 
of  the  Ranere  and  the  other  characters 
of  the  Cuthbert.  The  outstanding  re- 
sult of  this  work  was  the  high  per  cent 
of  seedlings  with  sterile  blossoms.  In 
the  Ranere  X  Cuthbert  seedlings  one 
in  seven  was  sterile.  While  in  the 
Cuthbert  X  Ranere  seedlings  eleven 
out  of  twenty-four  bore  sterile  blooms. 
Such  a  high  degree  of  sterility  is 
strange  in  view  of  the  close  relation- 
ship of  the  two,  both  being  Rubus 
strigosus,  with  the  possible  admixture 
of  some  idaeus  blood  in  the  Cuthbert. 
Especially  is  it  to  be  wondered  at  when 
one  thinks  how  readily  both  strigosus 
and  idaeus  unite  with  each  other  as 
well  as  with  occidentalis. 


The  Human  Machine 

Man,  The  Ani.mal,  by  W.  M.  Small-  ever  to  understand  our  own  intricacies. 

WOOD,      Professor     of      Comparative  Dr.    Smallwood's   book   gives   us   much 

Anatomy,   Syracuse  University.     Pp.  valuable  and  useful   information   about 

223-f-xiv;     $2.50.       The     Macmillan  ourselves  in  a  form  that  can  be  easily 

Company,   New  York,   1922.  understood.     Starting  with  the  law  of 

From   earliest   childhood    we    are    all  biogenesis,  he  traces   the  unity   of   life 

vitally  interested  in  the  working  of  the  f^m  amoeba   to   man  and   shows   how 

machine  that  is  our  body.     The  answer  the  same  fundamental  laws  apply  to  all 

to  the  question,  "What  makes  it  go?"  living  things.     Thirty-two  photographic 

is  so  comi)licated  that  many  of  us   fail  illustrations    and   many    line    drawings 


]:; 


14 


The  Journal  of  Heredity 


add  greatly  to  the  charm  and  interest 
of  the  book. 

While  he  takes  great  pains  to  make 
clear  man's  close  kinship  to  all  living 
things  and  emphasizes  the  chemical  and 
physical  laws  that  are  the  "physical 
basis  of  life,"  the  author  does  not 
adopt  the  views  of  the  extreme  mechan- 
istic school.  In  particular  one  state- 
ment deserves  consideration  by  those 
who  feel  that  the  existence  of  a  "phys- 
ical basis  of  life"  is  sufficient  to  "ex- 
plain" life :  "The  biologist  starts  with 
life  as  it  now  exists,  just  as  the  phy- 
sicist starts  with  energy  and  the  chemist 
with  atoms  on  all  their  infinite  complex- 
ity. They  do  not  try  to  explain  energy 
and   oxygen   and   carbon." 

Nearly  half  of  the  book  is  given  up 
to  discussion  of  heredity  or  related 
matters.  The  final  chapter,  Biology 
and  Progress,  deals  with  the  application 
of  what  man  has  learned  about  life  and 
heredity  to  tvery  day  afifairs.  Summar- 
izing, the  author  says :  "In  this  brief 
sketching  of  some  of  the  more  prob- 
able fields  of  progress  which  will  give 
a  better  understanding  of  man,  no  rev- 
olutionary changes  are  anticipated,  nor 
is  it  suggested  that  fundamental  laws 
will  be  altered.  Progress  must  rather 
be  in  conformity  with  those  principles 
which  clearly  indicate  that  we  must 
recognize  the  ineradicable  influence  of 
heredity  and  that  the  right  of  being  well 
born  has  a  scientific  foundation ;  that 
good  food  and  a  wholesome  environ- 
ment play  an  important  part  in  well 
being ;  .  .  .  and  that  mankind  cannot 
set  aside  these  basal  relations." 

Most  of  the  author's  views  would  re- 
ceive the  approval  of  students  of  hered- 


ity, but  before  leaving  this  excellent 
book,  attention  should  be  called  to  one 
or  two  statements  that  possibly  are  not 
altogether  clear.  In  explaining  Mendel- 
ian  inheritance  he  says :  "When  the 
peas  of  this  (first)  hybrid  generation 
are  planted,  the  plants  are  partly  tall 
and  partly  short,  but  none  are  inter- 
mediate. In  the  subsequent  breeding 
of  this  experiment  the  short  peas  give 
rise  to  short  peas  and  the  tall  ones  to 
tall  peas,"  which  is  a  result  that  would 
hardly  be  expected  by  the  scientific 
breeder. 

Certain  of  his  views  on  evolution 
might  also  be  questioned  by  many  stu- 
dents in  this  field.  After  remarking 
that  artificial  breeding  has  produced  no 
new  species,  he  adds :  "This  seems  to 
mean  that  the  more  than  hundreds  of 
thousands  of  genera  and  species  became 
fixed  before  man  had  thought  seriously 
of  questioning  their  origin.  The  result 
is  that  the  life  of  today  is  highly  spe- 
cialized and  adapted  to  a  given  environ- 
ment. This  gives  a  non-plastic  series 
of  forms  to  deal  with,  and  science  has 
been  thus  far  utterly  unable  to  recon- 
struct the  conditions  under  which  the 
former  changes  took  place."  It  is  hard 
to  see  why  the  present  living  forms 
should  be  considered  anv  less  plastic 
than  their  ancestors.  Evolution  is  not 
something  that  happened  in  the  past, 
but  a  vital,  living  force  today.  The 
Origin  of  Species  was  published  only 
about  half  a  century  ago.  and  evolution 
has  been  studied  experimentally  for 
only  the  last  twenty  years.  True,  the 
])robleni  is  not  yet  solved,  but  that  no 
progress  has  been  made,  few  students 
of  evolution  would  be  willing  to  admit. 


HEREDITARY  SHORTNESS  OF  THUMBS 

j.  K.  Breitexbechkr 
University  of  Oklahoma,  Norman,   OklalionuC 
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THE  SHORT  THUMBED  HANDS 

Figure  7.  The  tip  of  the  normal  thumb  comes  nearly  to  the  first  joint  of  the  index 
finger,  but  this  thumb  extends  scarcely  beyond  the  knuckle.  The  thumb-nail  is  also  very 
short  and  broad.  The  inheritance  of  this  trait  has  been  traced  for  five  generations  and  at 
least  one  child  of  every  short  thumbed  individual  had  thumbs  of  this  kind.  The  hands 
shown  above  arc  those  of  the  man  designated  Abnormal  7  in  the  article.  His  hands  were 
taken  as  a  standard  in  comparing  the  differences  between  short  thumbed  and  normal  hands. 
An  x-ray  photograph  of  the  same  pair  of  hands  is  shown  in  Figure  8. 


IT  has  been  about  ten  years  since 
the  writer  made  the  first  obser- 
vations upon  the  abnormaHty 
which  is  described  in  this  paper. 
namely  a  human  hand  in  which  the 
thumb  is  disproportionately  short. 
During  these  years  information  has 
been  collected,  whenever  the  oppor- 
tunity presented  itself,  by  personal 
observation.  Since  the  abnormal 
character  has  been  traced  throug'h  five 
generations,  it  is  thought  feasible  to 
publish  all  data  at  present,  rather 
than  to  withhold  it  for  further  in- 
formation. 

One  sees,  upon  external  examina- 
tion, a  hand  that  is  long  and  narrow 
when  compared  with  the  normal ;  but 


the  most  clearly  distinguishable  char- 
acteristic about  this  hand  is  that  every 
individual  affected  manifests  a  thick, 
short  thumb  with  a  nail  that  is  very 
broad  and  short  (about  three-quarters 
of  an  inch  in  width  and  five-sixteenths 
to  three-eighths  of  an  inch  in  length). 
To  determine  the  amount  of  varia- 
tion in  the  normal  thumb,  the  writer 
made  outline  drawings  of  palmar 
views  of  several  hands,  consisting  of 
random  samples  taken  from  college 
students  and  from  the  normal  mem- 
Ijers  of  the  short-thumbed  family.  Each 
sketch  was  made  by  placing  the  hand 
on  a  sheet  of  paper,  and  with  the  aid 
of  a  pencil  outlining  the  hand  by 
markinsf   the    outside    of    each    finger. 


^  Contribution   from   the  Zoological   Laboratory  of   the   University   of   Oklahoma,    Second 
Series,  No.  28. 
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X-RAY  OF  THE  SHORT  THUMBED  HANDS 

Figure  8.  The  long  bones  of  the  palm  of  the  hand  are  termed  metacarpals,  the  three 
finger  bones  are  the  phalanges,  the  first  phalanx  being  at  the  base  of  the  finger.  While 
this  picture  is  slightly  more  reduced  than  that  of  the  normal  hand  (Figure  0),  it  enables 
direct  comparison  to  be  made  between  the  bones  of  the  two  hands,  as  the  reduction  is  such 
that  the  metacarpals  of  the  thumbs  of  the  two  hands  are  of  exactly  the   same  length. 


The  restilt  of  this  observation  indi- 
cates that  on  the  avera.s^e  the  end  of 
the  normal  thumb  coincides  with  the 
joint  at  the  union  of  the  first  and 
second  phalanx  of  the  index  finger. 
The  abnormal  members  of  this  family 
have  tliuml)s  tlie  ends  of  whicii,  on 
the  avera£je,  coincide  with  the  joint  at 
the  jimction  of  the  metacarpal  and 
first  phalanx  of  the  index  finger. 
Briefly,  the  abnormal  thumb  is  short- 
er than  the  normal  by  the  length  of 
the  first  phalanx. 

To  study  this  abnormality  in  <i;reat- 
er  detail  and  to  determine  the  in- 
ternal effects  of  this  mutation,  it 
seemed  desirable  to  have  x-ray  pic- 
tures   of    the    hands    of    one    of    these 


affected  individuals.  This  radiograi)h 
was  then  com})ared  with  two  radio- 
graphs of  normal  thumbs,  as  well  as 
with  three  skeletons.  It  was  thought 
possible  that  the  shadows  of  the 
bones  might  interfere  with  the  tech- 
nique of  measuring,  but  it  was  found 
that  a  radiograph  is  a  source  of  in- 
formation as  accurate  as  the  bones 
themselves. 

A  comparative  analysis  was  made 
with  one  abnormal  (Abnormal  7)  and 
the  five  above-mentioned  normal  right 
hands,  by  measuring  the  length  of 
the  bones  of  each  digit.  (.'omplete 
data  regarding  these  measurements 
are  given  in  Table  "^  Ihe  number  of 
hands    measured    in   all    was    six    pairs, 
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A  NORMAL  HAND 

Figure  9.  The  comi-jarison  between  short  and  normal  thumbs  was  made 
by  taking  the  average  of  the  measurements  of  the  bones  of  five  normal 
hands.  The  metacarpals  of  the  short  thumbed  hands  were  found  to  be 
longer,  and  the  terminal  phalanx  of  the  short  thumb  much  shorter  than  the 
corresponding  bones  in  the  normal  hands.  It  is  this  short  phalanx  of  the 
thumb,  and  the  unusually  long  metacarpals  of  the  fingers   that  are  inherited. 


of  these  the  fir.st  five  were  nonnal ; 
the  sixth  measured  was  a  radiograph 
of  Abnormal  ?.  From  a  compari- 
-son  of  the  abnormal  with  the  five 
normal  j)airs,  one  discovers  a  differ- 
ence in  the  metacarpals,  and  in  the 
second  and  third  phalanges,  but  much 
closer  agreement  in  all  six  pairs  of 
hands  as  regards  the  first  phalanx.  Be- 
cause of  this  apjM'oximate  agreement  it 
seemed  that  the  essential  relations  could 
be  brought  out  better  by  expressing  all 


measurements  as  ratios  in  terms  of  the 
first  phalanx  of  the  digit  in  question. 
These  ratios  are  given  on  the  right  of 
Tal)le  2,  under  the  heading.  "Calculated 
ratios." 

To  obtain  a  more  direct  comparison 
between  the  abnormal  and  normal 
bones  of  each  digit,  the  ratios  obtained 
for  the  five  normal  cases  were  added 
together  and  an  average  normal  ratio 
obtained.  These  averages  for  the 
normal   bones  are  compared   with   the 
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abnormal  in  Table  3.  The  ratios  here 
tabulated  ^show  that  the  metacarpals 
of  the  abnormal  hands  are  longer  in 
proportion  to  their  first  phalanges 
than  are  the  average  of  the  metacar- 
pals of  the  normal  hands.  The  meta- 
carpal of  the  al:)normal  thumb  is  ac- 
tually about  one-seventh  longer  than 
th2  average  of  the  five  normal  first 
metacarpals.  The  last  phalanx  (Pha- 
lanx 2)  of  the  thumb,  however,  is  al- 
most one-half  shorter  than  the  cor- 
responding joint  of  the  normal  thuml). 
It  is  because  of  this  fact  that  the 
thumb  appears  so  short  when  com- 
pared with  a  normal  thumb  and,  more- 
over, it  is  this  short  phalanx  which 
is  inherited  in  this  family.  It  a])- 
pears  also  that  the  second  phalanx  of 
each  of  the  digits  of  the  abnormal  is 
relatively  shorter  than  those  of  the 
normal.  Compensatory  regulation  oc- 
curs in  the  appearance  of  the  fingers, 
since  the  extra  length  of  the  meta- 
carpals is  balanced  partially  by  the 
short  phalangeal  joints.  The  last  pha- 
lanx of  the  abnormal  digits  ])ears  no 
definite  relation  to  the  last  phalanx 
of  the  normal,  since  it  is  sometimes 
longer  and  sometimes  shorter  in  re- 
lation to   its  first   ])halanx. 

History  of  the  Short-Thumbed  Family 

The  record  of  these  short  thumbs, 
according  to  the  writer's  information 
begins  with  a  woman  (Abnormal  1) 
who  has  long  been  dead.  Her  daugh- 
ter (Abnormal  2)  when  78  years  of 
age,  said  that  she  well  remembers 
that  her  mother  had  short  thumbs 
(in  both  hands  and,  moreover,  that 
jjoth  she  and  her  mother  always  used 
especially  short  needles  in  sewing,  be- 
cause long  ones  would  break  in  their 
hands.  This  ])eculiarity  is  correlated 
with  shortness  of  thumbs. 

The  following  is  a  brief  record  of 
the  occurrence  of  the  character  in  this 
family : 

Abnormal  1.  a  woman,  married  a 
normal  man.  She  had  two  abnormal 
children  (Nos.  2  and  3),  two  normals, 
and  four  who  died  as  infants. 

Abnormal    2,   sister   of    .Abnormal    3, 


THE   OLDEST   OF   THE   SHORT 
THUMBS 

FiGURK  10.  The  woman  designated  .Ab- 
normal 2  is  now  nearly  eighty  years  old. 
and  remembers  well  that  her  motlier  had 
short  thumbs,  tor  they  both  had  to  use  espe- 
cially short  needles  in  sewing.  Beyond  this 
it  has  been  impossible  to  trace  the  character, 
but  the  evidence  indicates  that  for  five 
generations  it  has  been  inherited  as  a  Men- 
dclian    dominant. 

married  a  man  with  normal  hands. 
Her  offsjjring  were  two  abnormals 
(Nos.  4  and  5),  five  normals,  and 
three  who  died  in  infancy. 

Abnormal  3.  daughter  of  1,  was 
married  to  a  normal  man.  They  had 
one  abnormal  daughter  (Xo.  6)  and 
two  children  who  died  as  infants. 

Abnormal  4,  son  of  2.  married  a 
normal  woman,  and  they  had  one 
a[)normal  child  (Xo.  7).  anrl  two 
other  children   who  were  normal. 

Abnormal  5.  daughter  ai  2,  mar- 
ried a  normal  man.  This  pair  pro- 
duced one  abnormal  daughter  (No.  8) 
and  four  normal  children. 

.•\bnormal  6,  daughter  of  3.  married 
a  normal  man.  She  had  two  abnormal 
sons  (  Xos.  ()  and  lo)  and  one  normal 
daughter. 

.Abnormal    7   is   unmarried. 
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INHERITED   FOR   FIVE   GENERATIONS 

Figure  11.  Circles  represent  women,  squares,  men.  Short  thumbed  individuals  are  indi- 
cated by  solid  black;  a  question  mark  shows  an  individual  who  died  in  infancy,  about  whose 
thumbs  nothing  is  known.  It  is  evident  from  the  chart  that  the  character  is  as  likely  to 
atppear  in  one  sex  as  in  the  other.  A  study  was  also  made  of  the  members  of  the  family 
who  had  normal  hands,  and  among  their  descendants  not  a  single  individual  having  short 
thumbs   was   found. 


Abnormal  8,  daughter  of  5,  married 
a  normal  man.  Their  offspring  con- 
sisted of  three  abnormals  (Nos.  11, 
12  and  13),  son.  daughter,  and  son, 
respectively,  and  one  normal  daugh- 
ter. 

Abnormals  9,  10,  11,  12  and  13  are 
not  old  enough  to  be  married. 

To  summarize  the  appearance  of  ab- 
normals with  reference  to  generations : 
the    first    generation    begins    with    No. 

1  and   in  the   second  generation   Nos. 

2  and  3  appeared.  Abnormals  4,  5, 
and  6  were  in  the  third  generation, 
and  in  the  fourth  generation  were 
Nos.  7,  8,  9,  and  10.  Lastly,  Ab- 
normals 11,  12,  and  13  appeared  in 
the  fifth  generation.  Thus  for  five 
consecutive  generations  the  trait  has 
appeared. 

The  writer  also  obtained  complete 
pedigrees  of  normals  mated  with 
normals  in  this  family,  but  to  give 
the  complete  data  and  family  histories 
for  such  normals  would  require  too 
much  space  and  possibly  be  of  little 
vfdue.  The  results  of  this  investiga- 
tion can  be  summarized  by  stating 
that    whenever    normal    members    of 


the  family  married  other  normal  in- 
dividuals there  were  no  abnormal 
children.  Every  individual  with  an 
abnormal  hand  had  one  abnormal 
parent.  As  the  other  parent,  in  every 
case,  was  normal,  all  of  the  abnormal 
individuals  must  have  been  hetero- 
zygous. 

Discussion 

It  seems  that  this  character  is  the 
result  of  a  mutation  which  appeared 
more  than  five  generations  ago.  If 
the  abnormality  in  this  family  is  a 
part  of  the  normal  variation  in  length 
of  thumbs  that  is  to  be  expected,  it 
is  true  that  some  short-thumbed  in- 
dividuals should  be  discovered  among 
the  hundreds  of  people  examined.  It 
further  appears  that  shortness  of 
thumbs  is  a  mutation  because  its  range 
of   variation  differs   from   the   normal. 

The  results  given  in  Table  1  indi- 
cate that  this  character  is  a  Mendelian 
dominant,  the  normal  being  recessive. 
If  we  represent  the  homozygous  domi- 
nant trait  by  (AA)  and  the  recessive, 
normal,  by  (aa).  it  is  apparent  that 
all    offspring    from    the    modification 
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should  give  a  1:1  ratio,  because  in 
every  instance  an  abnormal  individual 
w^as  mated  with  a  normal.  Thus 
every  abnormal  person  was  hetero- 
zygous (Aa)  and  every  normal  homo- 
zygous  (aa). 

Table  1  further  shows  that  matings 
of  heterozygous  (Aa)  individuals  with 
normal  persons  (aa)  gave  as  a  total 
9  who  died  in  infancy,  12  abnormal 
children  and  15  normal.  Of  those 
who  died  as  infants  some  at  least 
might  have  had  the  abnormal  char- 
acter linked  with  the  mortality ;  how- 
ever, if  this  interpretation  is  not  cor- 
rect, the  law  of  probability  would 
lead  us  to  expect  that  half  of  those 
individuals  who  died  in  infancy  would 
be  normal  and  the  others  abnormal. 
It  therefore  seems  desirable  to  omit 
those  who  died  as  infants  from  any 
further  consideration. 

Following  this  suggestion  the  au- 
thor tabulated  in  Table  4  the  Observed 
Data,  Observed  Ratio,  Theoretical 
Ratio,  and  Probable  Error.  The  con- 
clusion is  that  the  observed  ratio  is 
a  good  fit  because  the  number  of 
normals  and  abnormals  give  a  1:1 
ratio,  which  proves  that  in  this  fam- 
ily all  abnormals  are  heterozygous, 
while  the  normals  are  homozygous  re- 
cessives. 

Other  Abnormalities  of  the  Skeleton 

The  many  human  jiedigrees  which 
have  been  published  show  that  the 
majority  of  hereditary  abnormalities 
found  in  the  skeleton  are  inherited  as 
Mcndclian  dominants.  Davenport' 
enumerates  several  in  this  connection. 
r)ne  of  the  most  common  is  polydactyl- 
ism,  by  which  is  meant  su]iernumcrary 
fingers  and  toes;  another  abnormality 
is  syndactylism,  which  means  that  the 
bones    and    tissues    of    two    or    more 


fingers  are  fused  or  v.' ebbed  into  one 
mass ;  while  another  is  brachydactyl- 
ism,  which  may  be  defined  as  an  ab- 
normality having  digits  and  limbs  ex- 
ceedingly short.  Gushing"  has  added 
another  to  this  list  of  dominants,  sym- 
phalangism, which  means  that  the  prox- 
imal phalangeal  joints  become  fused. 
Another  dominant  is  that  of  achondro- 
plasism,  described  by  Davenport'  as  a 
condition  in  man  characterized  by  ab- 
normally short  limbs,  as  is  osteopsath- 
rosis  or  hereditary  fragility  of  bones  as 
shown  by  Davenport  and  Conarcf. 
Lastly,  hereditary  shortness  of  thumbs 
as  described  in  this  paper  is  another 
abnormality  of  the  skeleton  which  is 
dominant. 

Summary 

The  character  is  neither  sex-limited 
nor  sex-linked,  because  it  is  found  in 
both  sexes,  and  is  not  transmitted 
from  a  man  through  his  daughters  to 
one-half  of  their  sons.  The  evidence 
presented  indicates  that  it  is  an  auto- 
somal  ]\Iendelian  dominant. 

Table  1.  The  character  of  the  offsj^riiig  of 
the  eight  abnonnal  parents.  7  he  matings 
zi'ere  in  every  instance  between  an  abnor- 
mal  (Aa)   and  a  normal   (aa). 


Parents 


Progeny 


.Abnormal 
Xo. 


Died  in  j  .Adults 

infancy  !  .Abnormal  |  Normal 


No.   1 

II        4        1 

2 

1          2 

No.  2 

II        3        ! 

2 

1       5 

Xo.  3 

II          2          1 

I 

1          0 

No.  4 

II         0         1 

I 

1          2 

No.  5 

II          0          1 

I 

1        4 

No.  6 

II          0          1 

2 

1        I 

No.  8 

II         0         1 

3 

1        I 

-  Totals   ... 

1       Q       1 

1  ' 

1      I' 

'  D. WEN  PORT.  Chari.es  B.  Heredity  in  Relation  to  Eugenics.  298  pps.  Henry  Holt  and 
Company,  New  York.     191 1. 

*CusHiNG,  Harvey.  Hereditary  .Anchylosis  of  the  Proximal  Phalangeal  Joints  (Sym- 
phalangism).    Genetics  I:    90-107.     1916. 

^Davenport,  Charles  B.  and  H.  S.  Conard.  Hereditary  Fragility  of  Bone  (Fragility 
Osseus,  Osteopsathyrosis).     Eugenics  Record  Office  Bulletin   14.     :m   i)ps.     I'M.'"). 
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Taulk  2.  Lcnyth  oj  the  bones  of  six  right  hands,  five  normal  and  one  abnormal  (Abnormal 
7).  The  Icnyths  arc  given  m  millimeters  in  columns  two  to  five.  The  ratio  of  each 
measurement  to  the  length  of  the  first  phalanx  of  the  digit  in  question  is  given  in. 
columns  six  to  nine. 


Observed  Data 


Calculated  Ratios 


Normals 


Digit    I 


I  (X-ray) 


Digit    I 

"  2 

3- 

"       4- 


2  (X-ray) 


I  (Skeleton) 
Digit    I 

"  2 

3 

"       4 

"       5 


2  (Skeleton) 
Digit    I 


3  (Skeleton) 
Digit    I 


Meta- 
carpel 


Phalange 

I  I  2 


46.5 
70.5 
70.5 
64.0 
56.0 


49.0 
74.0 
71.0 

66.0 
61 .0 


31-5 
40.5 
46.5 
43-5 
34-0 


34.8 
43-0 
47.5 
45  0 
37-0 


430 
69.0 
65.0 
60.0 
Si.o 


30.0 
39-0 
43-0 
41.0 
31.0 


48.0 
72.0 

69-5 
64.0 
54-0 


33-0 
42.0 
46.0 
43-0 
330 


37-5 
S8.0 

55-5 
51-0 

-i3  ■  5 


26.0 
34-0 
370 
35-0 
26.5 


X-ray  Abnormality  7 
Digit    I 


53-0 
81.0 
76.0 
65.0 
60.0 


32.0 
41 .0 
50.0 
44.0 
35-0 


^4-5 
24.0 
29.0 
28.0 
20.0 


Meta- 
carpel 


19.0 

19-5 
20.0 
17.0 


25.0 

25-5 
31.0 
29.0 
22.0 


22.0 
23.0 
28.0 
27.0 
18.5 


23-5 
25.0 
30.0 
28.0 
20.0 


20.0 

19-5 
23.0 
23.0 

16.0 


i«.o 
19.0 
20.0 
18.5 


16.0 

17-5 
18.0 
16.0 


1.476 
1-753 
1. 516 
1. 471 
1.647 


1. 410 
1. 721 
1-505 
1.467 
1.648 


1-433 
1.769 
i.Sii 
1.463 
1-645 


17.0 
18.5 
18.0 
16.5 


1.484 

1-714 
1. 510 
1.488 
1-637 


15-0 
15-0 
15.0 
15.0 


1.442 
1.706 
1.500 

1-457 
1.642 


13.0 
22.0 
26.0 
28.0 
19.0 


17.0 
21.0 
21.0 
18.0 


1-637 
I -931 
1.520 

1-477 
1. 711 


Phalanges 


777 
592 
623 

643 


.719 

-593 
.652 

•644 
-592 


■733 

-587 
-651 
-658 
•596 


.712 

-595 
.652 
-651 
.606 


•769 
-573 
.649 

-657 
•  603 


406 
536 
520 
637 
542 


469 
419 

459 

son 


419 
400 

444 
^oo 


415 
407 

431 
516 


405 
402 
419 
soo 


470 

405 
429 

527 


414 
420 
477 

514 
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Table  3.    A  comparison  of  the  mcasurcincnts  of  an  abnormal  hand   (Xo.  7) 
with  the  average  of  those  from  five  normal  hands. 


Digit 


Hand 


IMetacarpel  |  Phalanx  i  |  Phalanx  2  |  Phalanx  3 


I        Normal  Av |       1.461       I           1           I        -742        |        

Abnormal    |       i  .637       |           1           i        .406        |        

2 

Normal  Av |       1.732 

Abnormal    |       i.gbi 

1           1        -592        1        .435 
I           1        -536        1        .414 

3 

Normal  Av |       1.508       1           i           |        .645        |        .406 

Abnormal    |       1.520       |           I           |         .520                .420 

4 

1  Normal  Av. . . 
!  Abnormal    . . . 

1       1.469       1           I 
1       1-477       1           I 

1 

.650 
.637 

1         .438 
i         -477 

5 

Normal  Av.. . 
Abnormal    . . . 

1       1.643       1           I 
1       I. 711       1           I 

1 

•595 
-542 

1        -500 
•514 

Table   4.     Rat 
sliort-thum 

bed 

f 

normal    to    abnormal    indivi 
ajnily. 

duals 

/»    ///(' 

Trait 

Observed  |Observed 
Data     1     Ratio 

Theoretical  1  Probable 
Ratio      1    Error 

Abnormal    .  .  .  . 

.  1 

12        1      .8889 

1 

1 

0. 129 

Normal    

■1 

15        !    I. nil 

I 

1 

0. 129 

Totals... 

•1 

27        1    2.0000 

0 
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Social  Change,  by  William  Field- 
ing Ogburn,  Professor  of  Sociology 
at  Barnard  College.  Price  $1.50. 
B.  W.  Hiiebsch,  New  York.  1922. 
A  careful  discrimination  between 
biological  and  cultural  cbanges  cbar- 
actcrizes  tbis  book.  Professor  Ogburn 
is  himself  convinced  and  convinces 
his  readers  that  the  failure  to  make 
such  discrimination  in  the  past  has 
been  the  cause  of  much  confused  and 
faulty  thinking.  Why  is  there  such 
a  thing  as  social  ])rogress  at  all?  Why 
new  cultures,  new  inventions,  new 
acfiuirements?  Is  it  due  to  the  evo- 
lutionary development  of  human  biolo- 
gic structure  or  is  it  due  to  other 
causes — cultural  influences  under  which 
or  through  which  man  is  called  to 
pass?  Such  questions  are  intimately 
discussed  and  the  result  is  illuminative. 
We  are  esjiccially  impressed  by  an 
illustrative  item  by  which  the  author 
explained  his  thesis  as  to  the  fact  of  a 
cultural  i)rogress  in  the  race  wholly 
sejiarate  from  any  biologic  change  in 
individuals.       It    was    a    list    carefully 


compiled  of  some  one  himdred  and 
fifty  instances  of  duplicate  inventions 
— of  inventions  made  at  the  same  time 
by  two  01  more  students  or  experi- 
mentors.  The  conviction  was  ines- 
cajxible  that  inventions  come,  inevit- 
ably, at  certain  stages  of  culture,  not 
because  there  liai)i)cnefl  a  single  indi- 
vidual of  greater  mental  capacity,  but 
because  social  conditions  were  at  a 
stage  when  such  inventions  were  both 
needed  and  were  possible  on  the  basis 
of  preceding  discoveries.  Then,  evi- 
dently, they  came,  and  to  more  than 
one  mind.  It  has  been  social  progress 
rather  than  progress  of  individual  gifts 
that  has  given  man  his  great  discov- 
irio. 

The  two  sections  of  the  book,  the 
first  on  the  why  and  how  of  social 
change,  and  the  second  on  the  why 
and  how  of  the  drag  or  slow  i)rocess 
of  that  change,  are  each  of  them  in- 
tiresting  both  in  themselves  and  in 
the  suggestive  illu.strations  drawn  from 
studies  of  contemporary  facts  or  time- 
Iv  problems.  — R.  E.  C. 
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The  Genetic  Relationship  of  the  Black,  Buff  and  Columbia 
Colorations  in  the  Domestic  Fowl 

L.  C.  DuxN 
Sforrs  A(/rlculti(ral  Experiment  Statio)C 


THE  \'AST  array  of  variations  in 
color,  pattern  and  form  of 
feathers  and  other  parts,  which 
is  observed  in  the  domestic  fovid,  has 
made  it  enticing  material  for  many 
students  of  variation  and  heredity.  A 
o:reat  deal  of  information  on  the  in- 
heritance of  many  of  the  characters 
which  distini^uish  the  various  breeds 
has  been  accumulated  since  Bateson 
first  took  up  the  study  shortly  before 
the  rediscovery  and  application  of  the 
Mendelian  method  of  investigation.  A 
large  part  of  the  field  of  poultry  gene- 
tics is  still,  however,  unexplored  coun- 
try. ^^'e  are  still  ignorant  concerning 
the  inheritance  and  relationships  of 
some  of  the  most  obvious  traits  which 
differentiate  our  common  varieties. 

The  present  article  describes  the  re- 
sults of  some  experiments  which  were 
designed  originally  to  furnish  data  on 
a  certain  class  of  heritable  characters 
in  fowls,  namely  those  which  are  trans- 
mitted in  the  peculiar  fashion  known 
as  sex-linked.  Several  such  charac- 
ters are  known  in  fowls,  but  concern- 
ing the  relations  between  them,  or  how 
their  expression  is  altered  by  other 
characters  we  have  but  little  informa- 
tion. 

Columbian    and    Buff    Color-Factors 

The  author's  first  experiments, 
which  have  been  partially  rei)orted 
elsewhere',  consisted  in  a  study  of  the 
relationships  between  two  well-known 
color  patterns  which  exist  in  several 
breeds  of  fowls.  One  of  these  colora- 
tions is  known  as  Buff  (Figs.  13  and 
14),    in   which   the   whole   plumage    of 

'  Contributions   in    Genetics    Xo.    17. 
^DuN'N,   L.    C.     American    Xaiiiralist,   Lvi 
"  Sturtevant,  a.  H.     Journal  of  lixpcrim 


both  sexes  is  an  even  shade  of  buff, 
with  an  occasional  and  generally  un- 
noticeable  trace  of  black  in  the  tail 
feathers,  and  more  rarely  in  the  wings. 
This  coloration  is  a  varietal  characteris- 
tic of  Buff  Plymouth  Rocks,  Buff  Or- 
pingtons, Buff'  Leghorns,  and  others. 
The  other  tyi^e  used  was  Columbian 
(Figs.  13  and  13),  a  pattern  consisting 
of  clear  white  surface  color  in  all  of 
the  plumage  except  the  ])rimary  or 
flight  feathers  of  the  wings,  the  hackle 
or  upper  neck  feathers,  and  the  tail 
feathers  which  in  typical  Columbian 
fowls  are  marked  with  black.  This 
pattern  occurs  in  Light  Brahmas, 
Columbian  Wyandottes.  Columbia  Leg- 
horns and  others.  It  had  been  estab- 
lished by  Sturtevant"  that  at  least  one 
sex-linked  gene  was  concerned  in  the 
production  of  the  patterns  of  Colum- 
bian Wyandottes. 

Reciprocal  crosses  were  made  be- 
tween standard  bred  Light  Brahma' 
and  Buff  Orpingtons.  The  first  gen- 
eration males  from  the  reciprocal 
crosses  were  alike.  They  were  Co- 
lumbian pattern  birds  ( Figs.  13  and 
14)  with  clear  white  body  plumage,  but 
with  less  black  in  the  wings,  tails,  and 
hackles  than  appeared  in  the  Colum- 
bian parents.  The  first  generation 
females  (Fig.  13)  sired  by  the  Colum- 
bian male  were  likewise  of  the  Colum- 
bian type  with  reduced  black.  The 
first  generation  females  out  of  the 
cross  of  Columbian  female  by  buff 
male  were  buft*  in  color  (Fig.  13),  but 
like  the  first  generation  Columbian 
chicks  they  developed  black  pigment 
in  wings,  tails  and  hackles. 


242-255.     1922. 
cntal  Zoology.  xii:499-5i8.     1912. 
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Columbian  Male 


Black  Female 


1 

^ 

^r 

M^ 

Duckwing  Male  Birchen  Female  Columbian   Male 

CHART   SHOWING   COLOR   INHERITANCE    IN    CROSS   OF    BLACK   B 

Imcirk    12.      In    the    first    generation    the    males    are    of    the    Duckwing    type,    the  females  of  the 
with    Columbian    female,    three    types   of    plumage    color   are   encountered:    Duckwing  males  anr!   Bi^. 
always    females.      In   the   reciprocal   cross  of   black   male   by   Columbian    female   all   males   were  of   th( 
father.     Thus  in  this  cross  is   found  the  same  type  of  sex-linked   inheritance   found  in  the  I'iufF-Colu::.  •- 
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The  numbers  of  chicks  produced  by 
these  crosses  are  given  in  Table  1.  It 
is  at  once  apparent  that  as  regards 
the  difiference  between  buff  and  white 
ground  color  the  reciprocal  crosses 
give  dift'erent  results.  Colunil)ian  is 
transmitted  by  the  Light  l^rahma  male 
to  both  sons  and  daughters  and  is 
almost  completely  dominant.  Colum- 
bian females,  however,  transmit  the 
character  only  to  their  sons;  their 
daughters  are  buff  like  the  father. 
The  first  generation  Columbian  fe- 
males when  backcrossed  to  pure  buff 
males  produced  approximately  equal 
numbers  of  buff  and  Columbian  chicks. 
All  of  the  buffs  were  females  and  all 
of  the  Columbians  were  males.  The 
first  generation  Columbian  males  bred 
to  buff  females,  on  the  other  hand, 
produced  equal  numbers  of  buff  males 
and  females  and  Columbian  males  and 
females.  The  buffs  extracted  from 
these  backcrosses  when  bred  inter-se 
produced  only  buff  chicks  of  both 
sexes.  These  results  indicate  that  the 
white  Columbian  coloration  is  due  to 
a  single  dominant  sex-linked  gene, 
(called  Silver),  the  recessive  allelo- 
morph of  which  is  buff.  The  gene  for 
silver  when  present  singly  in  the 
zygote.    a])])arently    prevents    the    de- 


velopment of  buff  ijigment  in  the 
plumage,  as  Sturtevant  and  Punnetf 
have  concluded  from  other  cases. 

The  other  heredity  (as  far  as  it  con- 
cerns plumage  color)  of  the  Colum- 
bians and  buffs  used  by  us  is  appar- 
ently very  similar,  with  the  exception 
tiiat  these  two  varieties  differed  also 
in  the  extent  to  which  black  was  de- 
velo])ed  in  the  feathers  of  the  wing, 
hackle  and  tail.  The  Columbians  had 
much  black  in  these  parts ;  the  buffs 
had  almost  none,  while  the  hybrids  had 
an  intermediate  amount.  Later  genera- 
tions showed  that  factors  governing 
the  amount  of  black  pigment  were 
transmitted  independently  of  sex  and 
of  the  ground  color  of  the  plumage. 
These  "darkening"  modifiers  were 
probably  numerous  in  the  Columbian 
and  few  in  the  pure  buff  type.  (See 
Fig.  15  showing  variations  in  amount 
of  black  in  the  wings  and  tails  of  both 
Columbian  and  buff  types.) 

From  these  experiments  it  appeared 
that  the  Columbian  and  buff  colora- 
tions differed  in  one  gene  determining 
the  presence  or  absence  of  buff  in  the 
plumage,  and  also  represented  two 
stages  in  the  development  of  black  in 
the  plumage.  The  localization  of 
black  was  similar  in  the  two  varieties, 
being  restricted  in  each  type  to 
the  feathers  of  the  wing,  hackle 
and  tail. 


Columbian  Female  Buff  Female 

COLUMBIAN  AND  BACKCROSS 

1.     In  the  backcross  of  the   first  generation   Duckwing  male 

rnalcs,   Columbian   males   and    females,   and   a   new   type,  bufT, 

N'mg  type,   but   the    females   were   unmarked    black    like  their 
ross   (Figures  13  and  14). 


Columbian  and  Black 

I'"urther  experiments  were  un- 
dertaken to  study  the  expression 
of  the  silver  gene  when  introduced 
into  fowls  in  which  much  black 
])igment  was  present,  as  in  self- 
black  varieties.  We  hoped  also  to 
learn  something  of  the  genetic 
constitution  of  the  blacks  with 
regard  to  the  presence  or  absence 
of  the  silver  gene  and  to  study  the 
transmission  of  the  pattern  in 
which  black  is  restricted  to  the 
wings  and  tail. 

Reciprocal  crosses  were  made 
between  Light  Brahmas  as  the 
Columbian    pattern    parents,    and 
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SEX    LINKED    INHERITANCE    IN    BIRDS 

FicuKK  i;i.  In  the  cross  between  Columbian  male  and  l^>uft'  female,  botb  sexes  of  the 
first  generation  are  Columbian.  In  the  recijirocal  cross  this  is  not  the  case,  only  the 
males  arc  Columbian,  the  females  being  buff  like  their  father.  Further  breeding  experi- 
ments prove  these  females  to  be  entirely  free  from  the  Columbian  color  factor,  and  to  be 
genetically  pure  buffs.  This  type  of  sex-linked  inheritance,  found  in  moths,  butterflies,  and 
birds,  is  known  technically  as  "WZ"  inheritance  to  distinguish  it  from  the  "XY"  type  of 
inheritance   found   in   man,  and   in   the   fruit   fly,   where   it   has   been   most   intensively   studied. 


several  self-black  fowls,  chiefly  ])iire 
bred  Black  ( )ri)in,i,ftons  (Fig.  12).  al- 
thoti.ijh  a  few  self -blacks  extracted  fiom 
a  ])revi()us  cross  of  Lii,dit  IWahina  by 
W'iiite  Leiihorn  were  included.  In  the 
first  jj^eiieration  the  reciprocal  crosses 
yielded  dissimilar  results.  Columbian 
male  by  lilack  female  produced  all  black 
chicks  (see  Table  2).  .\s  adults  the 
males  and  females  from  this  cross  were 
(|uite  similar  aside  from  secondary  .sex- 


ual difierences  in  ])attern.'  They  werr 
black  with  much  white  lacing  appear 
ing  in  the  hackles,  saddles,  and  wing 
bows  of  the  males  (Fig.  12).  These 
males  have  been  classified  as  Silver 
Duck  wings,  since  they  resetnble  that 
plumage  tyi)c.  The  females  were  like 
wise  black  with  white  lacing  on  the 
feathers  of  head,  neck  and  breast,  as  in 
the  Birchen  i)attern  (Fig.  12).  The 
ajjpearance    of    sexual    (limorj)hism    in 


'  .\I1  of  the  females  from  this  cross  died  before  the  adult  plumage  was  fully  developed. 
It  is  assumed  that  their  adult  pattern  would  have  been  similar  to  that  of  the  black  daugh- 
ters of   I'l    Black    9    X   Columbian    i     (cross   7   Table   2). 


Dunn:     Color  Inlicritancc  In  Fowls 
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Columbian  Male 


Buff  Female 


THE  RECIPROCAL  CROSS 

FiGURK  14.  When  the  male  is  buff  and  the  female  Columbian  all  females  of  the  first 
generation  are  bufY.  while  the  males  are  Columbian  like  their  mother.  This  mode  of  sex- 
linked  inheritance  is  explained  by  assuming  that  there  are  two  distinct  sex-dctcrmincrs 
located  in  the  W-chromosome  and  the  Z-chromosome  respectively.  The  W-chromosome 
has  not  been  shown  to  carry  any  other  factors  than  those  determining  sex.  Two  Z-chromo- 
somes  produce  a  male,  a  W-  and  a  Z-chromosome  produce  a  female.  That  is.  all  individuals 
that  carry  a  W-chromosome  are  females.  Therefore  the  W-chromosome  is  inherited  in  the 
maternal  line  only.  The  other  sex-determiner  must  come  from  the  male  parent,  carrying 
with  it  his  typical  color  factor.  Thus  even  though  bufif  is  recessive  to  Columbian,  all 
females  of  the  first  generation  of  this  cross  are  bufT,  because,  that  is  the  only  color 
determiner  present  in  the  first  generation  females. 


the  offsprini^  of  this  cross  was  inter- 
esting- since  in  both  ])arent  varieties 
the  males  and  females  are  alike  in 
color  and  pattern. 

The  reciprocal  cross  of  Colitmbian 
female  by  black  male  produced  like- 
wise all  black  chicks.  As  adults  the 
males  were  similar  to  the  sons  of  the 
first  cross  descril^ed.  i.  e..  black  with 


white  in  hackle,  bow,  and  saddle  in  a 
l^attern  ai)])roximatin<^  that  of  the 
Dark  Brahma  or  Silver  Duckwing. 
The  females  from  this  cross  were  self 
black.  One  of  them  showed  a  few 
red-bordered  feathers  under  the  lower 
jaw.  There  was  no  appearance  of  sil- 
vering- in  the  plumage  nor  any  de- 
velopment of  pattern. 
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The  first  g^encration  Duckwing  males 
were  backcrossed  with  Columbian  fe- 
males (Fig.  12)  and  were  also  tested 
by  crossing  with  buff  females.  The 
results  are  given  in  Table  2.  crosses  4 
and  5.  By  the  Columbian  females 
these  males  produced  equal  numbers 
of  black  and  non-black  chicks  (40  :39)  ; 
while  of  the  non-black  chicks  thirty- 
three  were  Columbian  and  six  were 
buff.  Of  the  buffs  four  lived  and 
proved  to  be  females,  A\hile  two  which 
died  young  were  dissected  and  also 
found  to  be  females.  Both  sexes  were 
present  in  the  black  and  Columbian 
classes.  By  the  buff  females  the  first 
generation  males  produced  also  ap- 
proximatelv  equal  numbers  of  black 
and  non-black  chicks  (19:22).  Of  the 
non-black  chicks  approximately  half 
were  Columbian  and  half  were  buff. 
The  sexes  were  equally  represented  in 
all  classes. 

It  is  plain  from  these  facts  that  a 
single  factor  affecting  the  development 
of  black  pigment  differentiates  the 
black  from  the  Columbian  coloration. 
The  factor  for  self-black  or  extension 
is  dominant  over  its  recessive  allelo- 
morph in  the  Columbian  type  in  which 
black  develops  to  a  limited  extent  in 
the  v.ing.  hackle,  and  tail  feathers. 
Segregation  takes  place  in  the  gametes 
of  the  first  generation  male,  and  when 
crossed  with  a  non-extended  type, 
black  (extended)  and  non-black  (re- 
stricted) chicks  appear  in  a  normal 
monohybrid  ratio,  irlowever,  an  addi- 
tional factorial  difference  between 
black  and  Columbian  is  necessary  to 
explain  the  dissimilarity  in  the  adult 
patterns  of  the  hybrids  from  recipro- 
cal crosses,  and  the  appearance  of  a 
new  type,  buff,  when  the  hybrid  males 
are  crossed  with  the  Columbian  par- 
ent.    This  difference  is  apparently  the 


same  as  that  which  distinguishes  buffs 
from  Columbians.  The  Columbian 
males  transmit  the  gene  for  silver  or 
inhil)ition  of  buff  to  both  sons  and 
daughters  and  even  in  the  presence  of 
extended  black  this  gene  is  able  to 
express  itself  in  the  silvering  which 
aj^pears  in  both  sexes  from  this  cross. 
The  Columbian  female  transmits  it  (as 
we  have  found  above)  only  to  her 
sons ;  and  these  in  the  crosses  with 
black  are  silvered  in  the  Duckwing 
pattern ;  while  her  daughters  never 
receive  it  and  are  self-black  like  their 
father.  Moreover,  when  the  first  gen- 
eration Duckwing  males  are  bred  to 
Columbian  females  we  should  expect 
that  a  certain  number  of  offspring 
should  receive  neither  silvering  nor 
extension.  Since  the  Columbian  fe- 
male transmits  silvering  to  all  sons, 
but  never  to  daughters,  while  the  first 
generation  Duckwing  male  transmits 
it  to  half  of  his  sons  and  half  of  his 
daughters  we  should  expect  that  the 
ondy  individuals  not  receiving  silver 
from  this  source  should  be  females. 
It  was  found  that  all  buff's  resulting 
from  this  cross  were  females  and  this 
is  undoubtedly  the  double  recessive 
class  showing  neither  extension  nor 
silvering.  The  genotypes  of  parents 
and  the  numbers  of  progeny  produced 
on  these  assumptions  should  be  as  fol- 
lows : 

Let  F""  =  Fxtension  of  black  to  all 
parts  of  plumage. 

Let  e*"  r=  Restriction  of  black  to 
wings,  tail,  etc.     (Buff  or  Columbian.) 

Let  S  =  Silvered  (Columbian,  Duck- 
wing, etc.). 

Let  s  =  Not  silvered  (Buff). 

—  denotes  the  W  chromosome  of 
the  female  which  has  not  yet  been 
found  to  carry  any  factors. 


Genotypes 

Adult  Colors  : 
Down  Colors : 
Ratio: 


Black     9 
E'"Enis — 
Columbian    9    X   Duckwing    $ 
ememS —  EmeTiSs 


X 


Columbian 
cmemSS 


Birchen    9 
e"'e"'S — 


EniemSS  En'e"iS- 

Kmc'nSs  E^e'i's- 

Duckwing    $,     Birchen     9 
Black 
4 


E"ie»>S- 


cniemSS 
eiiicmSs 

Columbian     i     Columbian     9 
Columbian 
3 


ciueiiis — 

Huff9 
Buff 
I 
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A  photographic  chart  showing  these 
crosses  given  in  Figure  12. 

The  number  of  chicks  expected  from 
this  cross  on  the  above  assumption 
compared  with  the  number  obtained  is 
"•iven  below : 


Obtained. 
Exioected . 


Black  Columbian  Buff 

5  &  $       (?  &  5  9 

40                33  6 

39                30  10 


The  agreement  of  the  actual  results 
with  those  ex])ected  is  good,  if  one  ex- 
cepts a  slight  deficiency  of  buffs  and  a 
slight  excess  of  Columbians.  With  the 
small  numbers  involved  these  depart- 
ures are  not  serious. 

When  the  first  generation  Duckwing 
male  is  crossed  with  buff  (doul)le  re- 
cessive) females  equal  numbers  of  all 
classes  of  chicks  should  appear.  The 
results  compared  with  this  expectation 
follow : 


Obtained. 
Expected. 


Black     Columbian      Buff 
5  &  9        $  &9  9 

19 


20 


12 
10 


lO 
10 


The  first  generation  black  females 
(from  Columbian  9  x  l)lack  S  )  were 
crossed  with  Columbian  and  with  buft 
males.  On  our  hypothesis  they  should 
be  heterozygous  in  extension  and 
should  not  transmit  the  gene  for  sil- 
ver. The  results  are  given  in  Table  2, 
crosses  7  and  8.  F)y  a  Columbian 
male  they  jjroduced  ecpial  numbers  of 
black  and  Columbian  chicks  of  both 
sexes;  (15:14)  by  a  buff  male  they 
produced  equal  numbers  of  black  and 
buff  chicks  of  Iwth  sexes   (16:13): 

Finally,  the  first  generation  Birchen 
females  were  tested  by  crossing  with 
Columbian  and  with  buff  males  (Table 
2,  crosses  2  and  3).  r)y  hyjjothcsis 
they  should  transmit  extension  to  half 
their  progeny  and  silvering  to  their 
sons  only.  All  daughters  should  be 
buff  or  black  carrying  buff.  The  cross 
with  the  buff  male  is  here  the  critical 
tc>t. 


From  this  cross  resulted  the  follow- 
ing: 

Black  Black 

(silv'd)  (non-silv'd)    Columbian  Buff 

6  9   sex?              sex?     9  s€x? 

Obtained    3  2      2                     2          4      2 

Expected    3  4                            4  (5       4 

No  exceptions  to  expectation  were 
found  and  the  agreement  is  as  good  as 
could  be  expected  with  such  small 
numbers. 

Considering  all  of  the  crosses  to- 
gether, it  is  found  that  all  support  the 
hypothesis  proposed,  as  far  as  down 
color  of  chicks  is  concerned.  The  cross 
of  extended  black  X  restricted  gave  in 
the  first  generation  thirty-two  extend- 
ed. The  backcross  of  the  first  hybrid 
generation  with  restricted  (buff  or 
Columbian)  gave  ninety-nine  extended 
and  ninety-eight  restricted — equality 
expected.  Extended  black  ap])eared  to 
be  completely  dominant  to  restriction 
and  completely  epistatic  to  silver  in 
the  down  jiattern.  The  segregation  of 
silver  and  buff  must  then  be  measured 
in  the  restricted  classes  of  chicks  and 
here  the  crosses  of  all  heterozygous 
Columbians  bred  i)!tcr-sc  or  crossed 
with  buff  jirfKluced  a  total  of  forty- 
seven  Columljian  and  twenty-two  buff. 
as  compared  with  forty-four  Colum- 
bian and  twenty-five  buff  expected. 
Silver  in  all  cases  segregated  as  a  sex- 
linked  character  dominant  over  buff. 

Due  to  a  high  mortality  from  an 
epidemic  disease,  many  of  the  l)ack- 
cross  chicks  recorded  did  not  live  to 
develoj)  adult  plumage.  Those  which 
did  survive  arc  recorded  under  "adult 
colors"  in  Table  2.  All  of  the  black 
chicks  as  adults  developed  i^lumage  in 
which  black  was  extended  to  other 
])arts  of  the  i)lumagc  in  addition  to 
wings,  tails,  and  hackles,  whik'  the  huff 
and  Columbian  chicks  developed  adult 
plumage  in  which  black  was  restricted 
to  wing.  tail,  and  hackle.  The  amount 
of  black  in  these  parts  was  variable. 
In  some  chicks  from  the  backcross 
with  Columbian,  the  Columbian  pat- 
tern segregated  in  its  original  form 
(Fig.  I'i )  both  on  silver  and  buff 
ground    colore:    while    some    were    ob- 
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served  with  as  little  black  in  these 
parts  as  the  orig^inal  buff  parents. 
None  was  found  outside  the  ranq-e  of 
darkness  of  pure  Columbian  fowls. 
The  cross  with  black  cannot  be  said, 
therefore,  to  have  had  any  darkening 
effect  on  the  Columbian  pattern. 

Among  the  extended  offspring  there 
was  considerable  variation  in  the 
amount  of  black  in  the  plumage,  al- 
though there  was  no  overlapping  be- 
tween the  extended  and  restricted 
classes.  The  colors  found  diluting 
black,  or  appearing  in  a  pattern  on  a 
black  ground  were  either  silver  (white) 
or  buff'  (Fig.  12,  bottom  row),  al- 
though in  some  cases,  particularly 
among  the  males,  it  was  very  hard  to 
tell  whether  the  extra  color  was  white 
or  buff.  These  doubtful  cases  were 
birds  with  extremely  light  straw  or 
cream  markings  which  w'ere  contin- 
uously variable  with  the  pure  white 
and  buff'  marked  classes.  Xo  self 
(unmarked)  blacks  were  recovered. 
Such  birds  w^ere  expected  from 
crosses  3,  4.  5  and  8.  The  fact  that 
no  fowls  hatched  from  the  backcross 
with  Columbian  or  with  buff  would  be 
pure  for  extension  (E'"E'")  might  be 
expected  to  account  for  the  absence  of 
pure  black  segregates  were  it  not  for 
the  fact  that  the  females  from  cross  6 
Columbian  9  X  Black  S  )  are  known 
to  have  been  heterozygous  in  exten- 
sion (E'^e'^s — )  and  yet  to  have  de- 
veloped self  black  plumage.  The 
paucity  of  numbers  or  the  contribu- 
tion of  pattern  factors  by  the  later 
buffs  and  Columbians  used  may  ac- 
count for  the  non-appearance  of 
blacks.  The  present  evidence  is  not 
critical. 

The  patterns  in  which  the  white  or 
buff  pigments  appeared  on  the  black 
ground-color  of  the  extended  back- 
cross  female  chicks  were  various,  al- 
though most  of  them  could  be  referred 
to  the  general  class  of  penciling  as  it 
appears  in  the  Partridge  or  Dark 
Brahma  pattern,  concentric  lines  of 
light  color  on  a  daik  ground,  follow- 
ing roughly  the  contour  of  the  feather. 
In  pattern  the  females  varied  from  the 


Birchen  type  with  light  color  only  on 
the  head,  neck  and  upper  breast  (Fig. 
1'i)  to  a  light  Dark  Brahma  or  Part- 
ridge type.  In  the  males  the  light  pig- 
ments appeared  principally  on  the 
feathers  of  the  hackle,  saddle,  and 
wing  bow,  either  as  lacing,  or  as  a 
color    occupying    the    whole    feather. 

^lost  of  the  males  could  be  classified 
as  Silver  or  Buff  Duckwings.  Here, 
as  in  the  females,  there  was  evidence 
of  considerable  variation  in  the 
amount  of  black  pigment  present  in 
the  body  feathers,  and  it  appeared 
that  in  addition  to  a  main  factor  gov- 
erning the  extension  of  black  to  all 
parts  there  were  minor  factors  regu- 
lating the  depth  of  saturation  of  the 
black  pigment.  In  the  juvenile  plum- 
age some  males  showed  evidences  of 
the  female  type  of  penciling.  This 
was  never  present  in  adult  male  plum- 
age with  the  exception  of  the  mark- 
ings on  the  breast  feathers  of  some 
very  light  males.  The  Duckwing  pat- 
tern is  the  male  equivalent  of  the 
partridge  or  penciled  pattern  in  the 
female  and  appears  in  the  males  of 
such  varieties  as  the  Dark  Brahma  or 
Partridge  Plymouth  Rocks.  The  ab- 
sence of  pencilling  in  the  males  prob- 
ably constitutes  a  secondary  sexual  or 
sex-limited  difference,  dependent  on 
the  presence  of  testicular  hormone  or 
the  absence  of  an  ovarian  secretion. 
Some  of  the  backcross  Duckwing 
males  might,  therefore,  be  expected  to 
transmit  pencilling.  Xo  progeny  tests 
or  castration  experiments  have  yet 
been  completed  as  a  test  of  this  sup- 
position. 

Concerning  the  source  of  the  pencil- 
ing which  appeared  in  the  backcross 
females  we  have  no  exact  information. 
It  may  have  been  present  in  the  black 
jiarents,  which  lacked  the  buff  or  sil- 
ver pigment  needed  to  fill  the  pattern ; 
or  as  is  more  probable  it  may  have  been 
]-;resent  in  the  Columbian  parent,  but 
unable  to  express  itself  in  the  absence 
of  the  extension  factor.  Light  Brahma 
(Columbian)  fowls  are  sometimes  seen 
which  have  more  than  the  usual 
amount  of  black  pigment  in  the  under- 
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color  of  the  feathers  on  the  back.  This 
black  occasionally  "shows  through"  on 
the  surface  and  is  often  found  to  be 
arranged  in  an  imperfectly  pencilled 
or  mossy  pattern. 

Summary  and  Conclusions 

The  buff  and  Columbian  colorations 
of  fowls  differ  in  one  i)rincipal  gene 
determining  the  presence  or  absence  of 
buff  in  the  plumage  and  probably 
in  multiple  factors  determining  the 
amount  of  black  developed  in  wing, 
tail,  and  hackle  feathers. 

Buff  and  Columbian  differ  from 
black  by  a  gene  determining  tlK-  re- 
striction of  black  to  hackle,  tail,  and 
wing.  Its  dominant  allelomorph, 
which  is  present  in  self  black,  deter- 
mines the  extension  of  black  to  all 
])arts  of  the  plumage. 

Pdack  fowls  are  genetically  buffs 
with  the  extension  factor  superposed. 
When  the  gene  for  silver  is  present  in 
a  black  or  "extended"  fowl  it  "shows 
through"  in  a  pattern  determined  })os- 
sibly   in  ])art  by   the  residual   heredity 


of  the  black,  or  by  pattern  factors  con- 
tributed by  another  variety.  The  ap- 
pearance of  fowls  which  have  both 
extension  and  silver  make  it  seem 
l^robable  the  the  Dark  Brahma  variety 
will   be   found   to   be   of   the   genotvpe 

Although  in  the  i)resent  types, 
black  and  Columbian,  the  plumage  is 
alike  in  both  sexes,  in  the  first  and 
later  generations  sexual  dimorphism 
appeared  in  the  dark  (extended)  fowls. 
This  may  possibly  be  traced  to  a  re- 
combination of  pattern  and  extension 
factors,  which  reacts  to  the  sexual  hor- 
mones in  a  manner  different  from 
either  parental  combination. 

The  origin  of  the  three  colorations 
considered  is  not  certainly  known. 
Genetic  and  historical  evidence  indi- 
cates that  the  buff  and  Columbian  col- 
orations may  have  diverged  by  a  sin- 
gle gene  mutation.  Extended  black 
varieties  prol^ably  antedate  the  re- 
stricted types,  and  it  is  probable  that 
the  latter  arose  from  the  former  i)\'  a 
nuitation  in  the  extension  factor. 
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I 
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P. 
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BC 

Taiu.k  I.     Crosses  of  Buff  and  Colutubian  Fo'wls. 
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Buff    $    X    Columbian    $ 

Fi   Columbian    9    X    Buff    $ 34 
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Buff    9    X    F'    Columbian 
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6      5 
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Table   II.     Crosses  of  Black'  and   Columbian   Fowls. 


.\dult  Colors  and  Sex- 


Parents 


Down  Colors 
of  Chicks 
Cohim- 
Black     bian     Buff    white    buff      9      white     buff 


, Extended    Black , 

Duckwing(J     Black     Birchen  9 


J7 


Black    9    X   Columbian    S  ■ 

Fi    93   X    Columbian    6 -^ 

F.    9'»  X   Buff    i 7 

Fi    <j    X   Columbian    9 40 

Fi    ^    X   Buff    9 19 

Columbian    9    X   Black    i  ..  .  15 

F.   Black    9    S    Columbian    <J  15 

F.    Black    9    X    Buff    i 16 
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«4 


() 

6 

10 


>3 


Restricted  Black 
Columbian         Buff 


Note — The  classes   "white"   and    "buff."   under    Duckwinn    males    and    Birchen    females, 
refer  to  the  color  of  the  markiuRS  on  necks,  hackles,  and  wings. 
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WHEN  the  founders  of  this  re- 
pubHc  first  set  clown  the  tenets 
upon  which  they  proposed  to 
establish  a  new  state  they  declared 
that  all  men  are  born  free  and 
equal.  This  may  almost  be  said  to  be 
their  basic  ])rinciple,  the  cornerstone 
upon  which  their  entire  plan  of  gov- 
ernment was  founded,  and  in  general  it 
is  the  ]>rinciple  upon  which  most  of 
our  laws  and  a  considerable  part  of  our 
social  code  has  been  based.  We  have 
never — as  a  nation — seriously  ques- 
tioned the  truth  of  this  assertion,  nor 
gone  to  any  troul)le  to  find  out  whether 
its  application  tended  to  good  or  evil 
results.  It  was  the  special  pride  of 
those  who  had  a  hand  in  the  original 
formation  of  the  civil  and  social  regu- 
lations which  still  govern  these  United 
States  that  no  account  was  made  of 
caste,  that  family,  birth,  breeding, 
played  no  part  in  the  assignment  of 
honor  or  ])restige.  that  every  citizen 
had  full  chance  to  rise  by  merit  alone 
and  that  all  prizes  could  be  gained  by 
those  who  would  reach  out  and  take 
them. 

It  is  only  within  the  memory  of 
practically  every  person  in  this  room 
that  anyone  seriously  questioned  the 
natural  equality  of  all  races  of  man- 
kind, l-lvery  man  was  held  responsible 
for  his  conduct,  which  must  be  regu- 
lated according  to  the  code  most  gen- 
erally accci)tal)le  to  his  fellows  ;  failure 
to  conduct  himself  accf)rding  to  this 
code  was  visited  with  ])unishment.  It 
was  admitted  that  some  individuals 
had  less  opjiortunity  than  certain  others 
to  learn  and  understand  this  code,  and 
a  degree  of  leniency  from  societv  was 
extended  to  them  on  that  account,  but 
in    general    it    was    taken    for    granted 


that  those  whose  conduct  ran  contrary 
to  the  best  interests  of  society  erred 
because  they  were  unwilling — not  be- 
cause they  were  unable — to  act  in  ac- 
cordance with  generally  accepted  stan- 
dards of  right  and  morality. 

Environment  Overemphasized 

During  the  last  quarter  century  es- 
pecially, there  has  been  a  world-wide 
impulse  toward  social  betterment  and 
race  improvement.  Many  of  those  who 
talked  most  and  labored  hardest  over 
these  movements  did  not  have  a  very 
clear  idea  of  just  what  they  were  aim- 
ing at.  The  general  idea  was  that  even 
if  nature  has  imposed  certain  handicaps 
upon  the  individual  at  birth,  these  im- 
pediments can  be  removed  by  proper 
care  of  the  body  and  intelligent  training 
of  the  mind,  and  that  any  individual 
so  relieved  of  his  congenital  deterrents 
can  in  turn  pass  on  to  his  descendants 
the  physical  and  mental  improvements 
which  his  environment  has  made  in 
him,  at  the  same  time  failing  to  trans- 
mit to  them  the  undesirable  qualities 
with  which  he  was  originallv  equipped. 
Thus  in  the  course  of  a  few  genera- 
tions even  a  heavily  handicapped  indi- 
vidual might  exhibit  progeny  free  from 
all  taint.  Of  course  it  was  recognized 
that  this  was  an  ideal,  not  likely  to  be 
immediately  attained,  but  it  was  not 
doul)ted  that  it  was  at  least  theoretically 
possible.  It  is  on  this  assum]:)tion  that 
most  of  our  jjresent  system  of  charities 
and  correction  is  based.  \\  here  the 
most  glaring  congenital  inequalities 
have  presented  themselves — as  in  the 
case  of  the  negro — we  have  endeavored 
to  level  them  by  federal  statute,  be- 
lieving that  the  new  doctrine  that  no 
man  should  suffer  degradation  becaus<' 
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of  race,  color,  or  previous  condition  of 
servitude,  could  completely  obliterate 
the  old  dictum  that  the  leopard  cannot 
change  his  spots,  nor  the  Ethiopian 
his  skin. 

Recentlv,  however,  certain  students 
and  investigators  began  to  doubt  the 
possibility  of  the  "transmission  of  ac- 
quired characteristics"  which  is  the 
scientific  statement  of  the  assumption 
which  we  have  just  been  considering. 
As  far  back  as  1869  there  had  been 
])ul)lisiied  in  England  a  book  by  Fran- 
cis Galton  concerning  the  Heredity  of 
Genius.  This  book  attracted  very  little 
attention  at  the  time  it  was  published. 
I^robably  because  a  near  relative  of 
Galton's — Charles  Darwin  l)y  name — 
had  turned  scientific  attention  into  other 
channels  and  aroused  discussion  of  the 
Descent  of  Man.  the  Survival  of  the 
Fittest,  and  other  lines  of  thought 
which  laid  special  emphasis  u])on  the 
efifect  of  environment  upon  the  individ- 
ual and  the  race.  A  new  edition  of 
Galton's  book  was  published  in  191 4. 
and  in  the  forty-five  years  which 
elapsed  between  the  appearance  of 
these  two  editions  has  grown  up  what 
we  now  term  the  science  of   eugenics. 

Eugenics  is  the  science  of  the  im- 
provement of  the  human  race  by  better 
breeding,  or,  as  Galton  himself  has 
put  it,  "The  science  which  deals  with 
all  the  influences  that  imi)rove  the  in- 
born qualities  of  a  race."  luigcnics, 
then,  relates  to  parenthood,  primarily, 
and  to  marriage  secondarily,  in  that 
from  the  eugenic  stand]ioint  the  success 
or  failure  of  a  marriage  can  be  meas- 
ured solely  "by  the  number  of  disease- 
resistant  cultivable  offspring  that  come 
from  it."  With  the  environment,  the 
relation  of  ])arents  to  children  after 
they  have  been  born  into  the  world, 
the  relation  of  these  children  to  human 
society  as  a  whole  or  to  the  particular 
objects  with  which  they  are  surrounded, 
it  has  nothing  whatever  to  do. 

With  "social  betterment."  as  we  are 
in  the  habit  of  using  the  term,  it  has 
no    connection.      It    assumes    that    the 


onl\-  way  in  which  the  race  can  be 
Ijettered  is  by  improving  the  breed,  not 
by  improving  the  conditions  which  sur- 
round those  who  are  already  bred ;  it 
relates — to  employ  once  more  the 
])hraseology  of  Galton — to  nature  and 
not  to  nurture. 

The  arguments  which  the  eugenists 
have  employed  to  prove  their  conten- 
tion that  the  nature  of  man  is  inherent 
and  cannot  be  altered  by  conditions 
of  environment  are  much  too  extended 
to  be  considered  in  an  address  of  this 
sort,  so  I  must  content  myself  with 
calling  tf)  yf)ur  attention  some  few  of 
the  most  common  demonstrations  which 
are  used  to  make  clear  the  position 
which  the  promoters  of  this  science 
occupy.  The  argmnents  against  this 
ix)int  of  view  are  much  more  familiar 
to  the  general  ]mblic.  for  the  emphasis 
has  been  laid  on  environment  in  j)rac- 
tically  all  the  activities  of  charity  or- 
ganizations, social  betterment  move- 
ments, labor  union  agitation  and  other 
]^ropaganda  which  have  been  offered  to 
the  i)ublic  at  large.  In  regard  to  eu- 
genics there  are  very  general  and  very 
serious  misconceptions,  many  quite 
well-informed  persons  believing  that 
eugenists  aim  at  the  elimination  of  the 
unfit,  something  after  the  manner  of 
the  ancient  S])artans  who  destroyed 
all  defectives  who  were  born  into  their 
state  in  order  that  their  stock  should  be 
uniformly    rugged   and    intelligent. 

We  learn  from  II.  E.  Jordan  that 
it  is  not  now  so  common  t(i  attribute 
the  fall  of  Rome  to  degeneracy  follow- 
ing luxury  and  over-culture,  as  Gibbon 
tried  to  demonstrate,  or  to  a  malarial 
parasite,  as  urged  by  Dr.  Ross;  nor  to 
the  i)rinciple  of  natural  racial  senility 
which  was  the  ingenious  supposition 
of  Prof.  Ray  I^ankestcr;  the  more 
probable  ciiuse  was  the  fact  ])ointed  out 
by  David  Starr  Jordan,  that  the  human 
harvest  was  bad  ;  that  Rome  .sacrificed 
her  l)cst  manhood  in  war  and  left  the 
business  of  breeding  new  generations 
to  weaklings,  cowards,  and  scul- 
lions.     This    is    exactly    the    situation 
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which  the  threat  luiropcan  nations  face 
tdday.  While  our  loss  in  the  war  just 
past  was  in  no  wise  comparahle  to 
theirs,  the  same  prohlem  is  present  in 
this  country,  because  there  is  a  con- 
stant tendency  toward  relative  and  ab- 
solute sterility  among  that  class  of 
society  which  is  best  fitted  to  produce 
the  next  generation,  and  the  most  pro- 
lific are  the  less  fit  to  carry  on  the  torch 
of    our    civilization. 

The  scientific  basis  upon  which  a 
remedy  for  national  death,  "race  sui- 
cide." as  Theodore  Roosevelt  so  often 
reminded  us.  rests  upon  our  knowledge 
of  heredit}'.  .\n  imderstanding  of  the 
mechanism  of  the  inheritance  of  phys- 
ical characteristics  is  necessary  if  we 
are  to  comprehend  the  foundation  upon 
w^liich  the  science  of  eugenics  rests. 

When  we  begin  to  apply  the  prin- 
ciples of  heredity  to  mental  peculiarities 
we  enter  upon  a  subject  of  practically 
unlimited  extent.  Take  for  example, 
feeblemindedness,  which  has  been  ex- 
tensively studied  by  Dr.  Goddard.  head 
of  the  training  school  for  such  unfor- 
tunates, at  Vineland,  New  Jersey.  By 
re])eated  tests  and  observations  he  has 
demonstrated  that  when  both  parents 
are  feeble-minded  all  of  the  children 
will  also  be  so;  but  if  one  parent  be 
normal  and  of  normal  ancestry,  all  of 
the  children  may  be  normal ;  whereas 
if  the  normal  mate  have  defective  germ 
cells,  one-half  of  his  progeny  by  a 
feeble-minded  woman  will  be  defective. 
It  has  been  noted  that  feeble-minded- 
ness  and  epilepsy  often  replace  each 
other  in  a   family  pedigree. 

Rosanofif  has  demonstrated  that  if 
both  parents  are  the  victims  of  maniac 
depressive  insanity  or  of  dementia 
precox,  their  entire  family  will  be  neu- 
ropathic, but  if  one  parent  only  comes 
from  weak  stock  and  if  afTected,  only 
half  of  the  children  are  liable  to  go 
insane  ;  and  lastly,  that  such  "nervous 
breakdowns"  do  not  occur  in  families 
where  both  parents  are  sound  and  from 
untainted   stock. 


Fallacy  of  "The  Melting  Pot" 

The  principal  fact  to  be  drawn  from 
the  most  recent  and  exact  scientific 
investigations  is  that  the  blending  of 
family  or  racial  traits  does  not  take 
l)lace,  and  the  "melting-pot"  in  which 
men  of  every  nation  under  heaven  could 
be  converted  into  a  homogeneous  na- 
tion is  naught  but  a  phantom  of  the 
imagination.  It  has  been  prf)ved  that 
unit  characters  do  not  blend  and  after 
many  generations  a  certain  given  char- 
acteristic may  crop  out  all  uninfluenced 
by  repeated  unions  with  foreign  germ- 
]:)lasms.  This  forces  us  to  the  conclu- 
sion that  the  influence  of  the  individual 
on  the  race  is  a  thing  of  prime  impor- 
tance, and  the  responsibility  of  every 
potential  parent  looms  full  of  signifi- 
cance to  all  his  fellow  citizens.  The 
chance  of  being  "lost  in  the  crowd" 
becomes    relatively    much    smaller. 

Galton's  first  studies  were  made  par- 
ticularly to  show  that  heredity  had 
much  more  influence  than  environment 
in  determining  traits  of  character,  and 
he  devoted  his  attention  especially  to 
that  complex  of  desirable  mental  char- 
acteristics which  we  term  genius.  One 
study  was  upon  Fellows  of  the  Royal 
Society  w^hich  usually  lists  among  its 
members  most  of  the  eminent  scientists 
of  the  British  nation.  Galton  assumed 
that  at  least  one  per  cent  of  such  a 
membership  might  reasonably  be  ex- 
])ected  to  be  "noteworthy."  As  a  rule 
not  more  than  one  in  four  thousand  of 
our  population  gets  his  name  in  JVho's 
Who,  which  is  only  one-fortieth  of  one 
per  cent.  Galton's  results  showed  that 
on  the  basis  of  one  per  cent  the  fellaws 
of  the  Royal  Society  had  noteworthy 
fathers  with  twenty-four  times  the  fre- 
quency of  the  general  population,  note- 
worthy brothers  with  thirty-one  times 
the  frequency  to  be  expected  in  the 
general  population,  and  noteworthy 
grandfathers  with  twelve  times  the  ex- 
jxcted  frequency.  In  another  study  of 
the  judges  of  England  between  1660 
and  1865 — a  period  of  slightly  more 
than  two  hundred  years — he  found  that 
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the  chance  of  the  son  of  a  judge  to 
possess  extraordinary  abihty  was  just 
about  five  hundred  times  as  great  as 
that  of  a  boy  taken  at  random  from  the 
general  population. 

Two  American  Families 

The  study  of  genealogy  and  the  cul- 
tivation of  family  trees  has  for  some 
time  been  a  favorite  hobby  among  a 
certain  class  of  j^eople  in  the  United 
States,  but  "looking  up  your  ancestors" 
has  been  regarded  as  a  subject  for  jest 
among  the  great  majority  of  our  people. 
Some  of  these  pedigrees,  however,  have 
a  very  direct  bearing  on  the  subject 
we  are  discussing.  As  examples  I  will 
mention  the  histories  of  two  "old 
American  families,"  the  descendants  of 
Elizabeth  Tuttle  and  those  of  "Ada 
Jukes." 

"  'On  November  19.  1667.  Elizal)cth 
Tuttle  married  Richard  Edwards,  of 
Hartford,  Connecticut,  a  lawyer  of 
high  repute  and  great  erudition.  Like 
his  wife,  he  was  very  tall,  and  as  they 
walked  the  Hartford  streets  together 
their  ap])earance  invited  the  eyes  and 
admiration  of  all.'  In  1691  Air.  Ed- 
wards was  divorced  from  his  wife  on 
the  ground  of  her  adultery  and  other 
immoralities.  After  his  divorce.  Mr. 
Edwards  remarried  and  had  five  sons 
and  a  daughter  by  Mary  Talcott.  a 
medif)cre  woman,  average  in  talent  and 
character,  and  ordinary  in  appearance. 
'None  of  Mary  Talcott's  progeny  rose 
above  mediocrity,  and  their  descendants 
gained  no  abiding   rejmtation.' 

"Of  Elizabeth  Tuttle  and  Richard 
Edwards,  the  only  son  was  Tinnithy 
Edwards,  who  graduated  from  Har- 
vard college  in  1691,  gaining  simultan- 
eous! v  the  two  degrees  of  l)achelor  of 
arts  and  master  of  arts — a  very  excep- 
tional feat.  He  was  pastor  of  the 
church  of  East  Windsor.  Connecticut, 
for  fifty-nine  years.  Of  his  eleven 
children,  the  only  son  was  Jonathan 
iuhvards.  one  of  the  world's  greatest 
intellects,  pre-eminent  as  a  divine  and 
theologian.  jM-csidcnt  oi  Princeton  col- 
lege.    ()f  the  descendants  of  Jonathan 


Edwards  much  has  been  written ;  a 
brief  catalogue  must  suffice :  Jonathan 
Edwards,  Jr.,  president  Union  College; 
1  imothy  Dwight.  president  of  Yale ; 
Sereno  Dwight  Edwards,  president  of 
Hamilton  College ;  Theodore  Dwight 
Woolsey,  for  twenty-five  years  i^resi- 
dent  of  Yale  College ;  Sarah,  wife  of 
Tapping  Reeve,  founder  of  Litchfield 
Law  School,  herself  no  mean  lawyer; 
Daniel  Tyler,  a  general  of  the  Civil 
war  and  founder  of  the  iron  industries 
of  Northern  Alabama ;  Ann  Maria, 
wife  of  Edward  Amana  Park,  president 
of  Andover  Theological  Seminary,  her- 
self as  astute  a  thinker  as  her  clerical 
spouse ;  Timothy  Dwight,  the  second, 
president  of  Yale  University  from  1886 
to  1898;  Theodore  William  Dwight, 
founder  and  for  thirty-three  years 
warden  of  Columbia  Law  School ;  Hen- 
rietta Erances.  wife  of  Eli  Whitney, 
inventor  of  the  cotton  gin.  who  'burn- 
ing the  midnight  oil  by  the  side  of  her 
ingenious  husband.  hel])ed  him  to  his 
enduring  fame' ;  Merrill  Edwards 
Gates,  president  of  Amherst  College ; 
Catherine  Maria  Sedgwick,  famous  au- 
thoress ;  Charles  Seflgwick  Minot.  au- 
thority on  biology  and  embryology  in 
the  Harvard  Medical  School ;  Edith 
Kermit  Carow.  wife  and  co-worker  of 
'I'lieodore  Roosevelt :  and  Winston 
Churchill,  one  of  the  best  known  of 
.American  novelists."  These  constitute 
a  glorious  galaxy  of  America's  great 
educators,  students  and  moral  leaders 
of  the   Republic. 

"Two  otiu'r  (if  tin-  descendants  of 
l'',Iizabeth  'iuttle.  through  her  son.  Tim- 
othv.  have  been  purposely  omitted  from 
the  foreg(ting  catalogue  because  they 
inherited  also  the  defects  of  Elizabeth's 
character.  These  two  were  Pierrcpont 
lulwards.  who  is  said  to  have  been  a 
tall,  brilliant,  acute  jurist,  eccentric  and 
licentious;  and  .\aron  Burr,  \'ice-Presi- 
ident  of  the  I'nited  States,  in  whom 
flowered  the  good  and  evil  of  Elizabeth 
Tuttle's   l)lof)d. 

"The  remarkable  qualities  of  Eliza- 
beth Tuttle  were  in  the  germplasm  of 
her  four  daughters  also.     Amc^ng  their 
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desceiulants  were:  Rol)ert  'I'reat  Paiiu'. 
signer  of  the  Declaration  of  Indej^en- 
dence ;  the  Fairbanks  l)r()thers,  manu- 
facturers of  scales  and  hardware  at 
St.  Johnsbury.  Vermont ;  the  Mar- 
chioness of  Donegal ;  Morrison  R. 
Waite,  Chief  Justice  of  the  United 
States ;  Melville  M.  Bigelow ;  ^larvin 
Richardson  Vincent,  professor  of  Sa- 
cred Literature  at  Columbia  Univer- 
sity ;  the  Marchioness  of  Apesteguia  of 
Cuba ;  Ulysses  S.  Grant,  and  Grover 
Cleveland,  presidents  of  the  United 
States."  So  the  germi:)lasm  which 
Elizabeth  Tuttle  received  from  her 
forbears  was  handed  down  to  enrich 
everv  department  of  government,  of 
learning  and  culture  throughout  the 
history  of   this  nation. 

Turning  now  to  the  family  of  "Ada 
Jukes."  who  is  also  known  to  students 
of  eugenics  as  "Margaret,  the  mother 
of  criminals,"  her  actual  family  name 
being  concealed  for  reasons  which  can 
readily  be  appreciated,  we  find  that  she 
was  of  Dutch  ancestry,  living  some 
time  after  the  year  1800.  She  was  one 
of  six  sisters,  and  her  progeny  and 
those  of  two  of  these  sisters  have  been 
exhaustively  studied,  first  by  R.  S. 
Dugdale.  and  again  in  191 5  by  A.  H. 
Estabrook.  of  the  Carnegie  Founda- 
tion. 

"W'e  find  among  the  males  (of  Ada 
Jukes'  descendants)  twelve  criminals, 
one  licentious,  five  paupers,  one  alco- 
holic and  one  unknown ;  none  was  a 
normal  citizen.  Among  the  females, 
eight  were  harlots,  one  a  pauper,  one  a 
vagrant  and  one  unknown ;  none  was 
known  to  be   reputable." 

Altogether  it  has  been  estimated  that 
the  progeny  of  Ada  and  her  sisters 
have  cost  the  State  of  New  York  over 
a  quarter  of  a  million  dollars  up  to  the 
year  1877.  ^"<^  although  the  family  has 
now  disappeared  from  Ulster  County, 
where  they  long  had  their  habitat,  and 
are  scattered  all  over  the  country,  their 
anti-social  traits  are  still  being  perpet- 
uated, though  better  matings  have 
occasionally  helped  to  produce  better 
individual  members.     Popenoe  remarks 


in  a  footnote  that  "while  such  mar- 
riages may  be  good  for  the  Jukes  fam- 
ily, they  are  bad  for  the  nation  as  a 
whole,  because  they  tend  to  scatter 
antisocial   traits." 

The  consideration  of  such  family 
histories  as  the  two  just  given  natu- 
rally leads  us  to  ask :  How  can  "good 
blood"  be  perpetuated  and  encouraged 
to  increase  ?  And  also :  Is  there  any 
way  by  which  the  breeding  of  paupers, 
criminals  and  mental  deficients  can  be 
stopped  or  diminished  ? 

The  Chief  Aim   of   Eugenics 

The  elimination,  or  at  least  the  dim- 
inution of  the  unfit  has  come  to  be  gen- 
erally regarded  as  the  chief  aim  of 
eugenics.  This  is  a  mistake.  The  em- 
phasis should  be  laid  rather  on  the  de- 
sirability, more  than  that  the  vital 
necessity,  of  increasing  the  numbers 
of  the  fit ;  in  other  words,  it  is  of  more 
importance  to  breed  abundantly  from 
the  good  stock  than  it  is  to  decrease 
the  breeding  of  defective  stock.  We 
can  mournfully  reckon  in  dollars  and 
cents  w4iat  it  has  cost  a  certain  state 
to  maintain  a  race  of  paupers  and  crim- 
inals up  to  the  number  of  twelve  hun- 
dred or  more,  but  who  can  reckon  the 
money  value  which  such  as  the  Ed- 
wards family  has  added  to  our  entire 
country?  It  lies  within  the  power  of 
every  right-minded  man  and  woman  to 
help  along  the  improvement  of  the  race. 
Those  who  are  not  themselves  fitted 
to  add  to  its  stock  of  fine  specimens 
can  aid  those  who  are  so  fitted  to  mate 
properly  and  reproduce  abundantly. 
George  Ade  has  spoken  somewhere  of 
the  girl  who  preferred  "to  shop  around 
for  a  husband."  If  more  opportunities 
were  given  to  all  young  people  to  "shop 
around"  and  more  than  that  to  follow 
the  Christmas  slogan  to  "shop  early." 
we  would  have  better  stock  to  breed 
from  for  more  reasons  than  I  have 
tin;e   to   enumerate. 

A  few  weeks  ago  the  Fifth  Avenue 
Coach  Company,  a  corj-joration  operat- 
ing the  motor  busss  in  New  York  City, 
jirinted     and     distributed     a     pamphlet 


38 


The  Journal  of  Heredity 


among  its  employees  and  patrons  which 
was  of  special  eugenic  interest,  al- 
though it  was  not  a  scientific  treatise, 
and  the  word  "eugenics"  did  not  occur 
in  it.  The  slogan  of  this  company  is 
"Civility,"  and  this  pamphlet  contained 
more  than  three  hundred  and  fifty  pic- 
tures of  small  children,  sons  and 
daughters  of  the  company's  employees, 
or  as  they  termed  them,  the  "children 
of  civility."  It  is  this  company's  un- 
expressed intention  to  ameliorate  the 
pul)lic  manners  of  the  citizens  of  New 
York— which  everyone  admits  leave 
much  to  be  desired — by  setting  them 
an  example  of  politeness  in  the  per- 
sons of  the  company's  employees  who 
serve    this    ])ublic.    and    it    proposes    to 


rear  a  breed  of  civil  people  by  en- 
couraging its  men  to  marry  and  raise 
large  families,  or  as  they  put  it,  to 
"out-populate  the  barbarian."  This 
idea  is  worthy  of  consideration  by  all 
thoughtful  people,  and  is  infinitely 
more  important  than  the  consideration 
of  the  ethics  and  advisability  of  the 
sterilization  or  segregation  of  the  un- 
fit, although  I  do  not  wish  to  be  un- 
derstood as  in  any  way  belittling  that 
side  of  the  question.  The  maintenance 
of  the  superiority  of  any  race  depends 
in  the  last  analysis  upon  the  number 
of  superior  individuals  of  which  that 
race  is  composed,  not  in  the  number 
of  inferior  ones  that  are  missing  from 
it. 


References 

Castle,   W.   E.     Genetics   and    Eugenics.      Harvard    University    Press,    Cambridge,    1916. 

Davenport,  C.  B.     Heredity  in  Relation  to  Eugenics.     Henry  Holt  &  Co.,  Xcw  York,  191 1. 

G.'VLTON,  Francis.  Inquiries  Into  Human  Faculty.  Ez\'ryiiiaii's  Library,  Ed.  1907. 
Hereditary   Genius.     Ed.    1914. 

GuYER,  Michael  F.     Being  Well   Born.     Indianapolis,  Bobbs  Mcrril   Co.,   1916. 

Jordan,  H.  E.  Eugenics.  The  Rearing  of  the  Human  Thoroughbred.  The  Eugenical 
Aspect  of  Venereal  Disease.  .A.ddrcss  delivered  before  the  American  Society  for  Study 
and    Prevention   of    Infant    Mortality.      Cleveland,    Ohio,    Oct.    3,    1912. 

PopENOE,  P.,  and  Johnson,  H.  H.     .Aoplied  Eugenics.     Macmillan.   1920. 

Heredity  and  Eugenics.  A  course  of  lectures  by  W.  E.  Castle,  J.  M.  Coulter,  C.  B. 
Davenport,  E.  M.  East  and  W.  L.  Tower,  Univ.   of   Chicago   Press,    1917. 


Embryology  and  Heredity 


Ko.MI'K.NDll.M      1)I;R     i'^.NTW  H  Kl.T  .NCiSCii:- 

scHiciiTE  DEs  Mrnschen.  mit 
Berrucksictitic.i'xg  drr  Wirbkl- 
TiERE,  by  Dk.  L.  Michaelis,  Priv- 
atdozent  an  dcr  I'niversitact  Jk'r- 
lin.  Ninth  edition.  With  .5-4  text 
figures  and  two  jjlates.  I']>.  100. 
Price,  ().")  cents.  Lci])zig,  \'erlag  von 
George  Thieme,  liCM. 

Thirty  f)r  forty  years  ago  the  study 
of  embryology  was  much  more  ])opu- 
lar  than  it  is  at  present,  when  genetics 
and  other  lines  of  investigation  have 
taken  its  place  as  the  fashionable  kinds 


of  research.  It  may  be  that  embry- 
ology had  for  the  time  being  reached 
a  point  where  it  repaid  attention  less 
than  some  other  branches  of  biology; 
but  these  other  branches,  and  genetics 
in  particular,  have  now  reached  a  jioint 
of  (levelo])ment  where  emphasis  on  the 
embryological  side  is  highly  important. 
.Ml  tools  for  the  worker  are  welcome, 
and  Dr.  Michaelis'  survey  of  the  field 
is  so  com])act  yet  full  of  material  that 
it  should  be  widely  useful  for  the 
pocki-t   ;i-s   wcJI   as  the   work   table. 

—P.    P. 


UNUSUAL  COLOR  INHERITANCE 


COAT    COLOR    OF    CROSS-BRED    STEER,    QUOMAN'S    PERFECTION, 

NOT    THAT    ORDINARILY    ENCOUNTERED    IN    THE 

ANGUS-HEREFORD  CROSS 

George  S.  Templeton 
A.  and  M.  College,  College  Siation,  Texas 


A   RED   ANGUS-HEREFORD    BULL 

Figure  TG.  Xormally  the  first  generation  of  the  Anyus-Hereford  cross  has  the  black 
body-color  of  the  Angus  and  the  white  face  of  the  Hereford.  However,  Qucman's  Perfec- 
tion is  an  exception,  being  red  instead  of  black.  Two  other  typical  Angus  characteristics 
appeared,  the  polled  head  and  barrel-like  body.  Evidently  his  sire  carried  the  red  color 
factor  as  a  recessive  character,  although  this  had  not  been  indicated  by  thirty-nine  other 
matings. 


THE  cross-bred  steer,  Quoman's 
Perfection,  bred,  fed.  and  ex- 
liil)itcd  by  the  Animal  Husban- 
dry Deji.'irtnient  of  the  A.  and  M.  Col- 
lege of  Texas,  attracted  quite  a  little 
attention  at  the  recent  American  Royal 
and  at  the.  International  Live  Stock 
Show,  not  only  on  account  of  the 
premiums  won,  but  because  of  his  un- 
usual coat  color. 

Quoman's  Perfection  won  first  in  the 


senior  Angus  steer  calf  class,  was  re- 
serve champion  Angus  steer,  and  a 
member  of  the  first  prize  Angus  herd 
of  three  steers  at  the  American  Royal. 
Two  weeks  later  at  the  International, 
in  a  strong  class  of  forty-five  entries 
of  grade  and  cross-bred  steers,  Quo- 
man's  Perfection  stood  second  to  the 
sensational  California  steer  calf,  and  he 
was  first  prize  grade  Angus  steer  calf. 
The  sire  of   Ouoman's   Perfection   is 
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the  Angus  bull,  Quoman  of  Tierra  Alta 
248048.  This  bull  was  used  for  several 
years  at  the  head  of  the  College  herd 
of  Angus.  During  the  five  years  that 
he  was  in  service  he  sired  thirty-five 
calves  out  of  pure-bred  Angus  cows, 
one  out  of  a  grade  Shorthorn,  and 
three  out  of  grade  Jerseys.  All  of  the 
thirty-nine  calves  sired  by  this  bull 
were  black.  The  dam  of  Quoman's 
Perfection,  Belle  Perfection  46th 
493840,  a  Hereford  cow,  has  produced 
four  pure  bred  Hereford  calves,  all 
normal  in  color.  As  this  cow  did  not 
"nick"  well  with  the  Hereford  herd 
bull,  and  as  steers  were  so  valuable  for 
class  work,  it  was  decided  to  cross 
breed  this  cow  with  a  bull  that  would 
be  more  likely  to  "nick"  with  her  par- 
ticular type  for  the  production  of  a 
more  desirable  type  of  steer. 

On  the  arrival  of  the  calf,  October 
28,  1921,  the  little  fellow  instead  of 
being  black  bodied  with  white  face 
(the  color  so  common  in  this  cross) 
was  red  bodied  with  white  face.  It  was 
at  first  thought  that  there  had  been  a 
mistake  in  the  mating.  By  referring 
to  the  breeding  records,  however,  it 
was  found  that  the  cow  was  mated  with 
the  Angus  bull.  Upon  close  e.xamina- 
tion  of  the  calf  it  was  found  that  he 
had  a  dark  muzzle  and  a  dark  tongue 


which  partially  established  the  fact 
that  his  sire  must  be  the  Angus  bull. 
As  he  matured  the  horns  failed  to  make 
their  ai)pearance,  a  typical  poll  head 
developed,  and  the  cylindrical  turn  of 
the  body,  so  characteristic  of  the  An- 
gus, became  more  evident.  There  can 
be  no  mistake  as  to  the  steer  being  an 
Angus-Hereford  hybrid.  The  three 
dominant  characters  usually  so  evident 
in  a  cross  of  this  kind  are  the  poll 
head,  white  face,  and  the  black  body. 
The  first  two  characters  named  have 
bred  true  in  this  particular  case,  but 
how  about  the  red  color  of  the  body 
coat? 

Although  Quoman  of  Tierra  Alta 
lias  never  sired  a  red  calf  in  the  thirty- 
nine  matings  referred  to  above,  he  must 
undoubtedly  be  heterozygous  for  coat 
color.  In  this  particular  mating  a 
male  gamete  bearing  the  red  color  has 
undoubtedly  fertilized  the  female  red 
gamete  and  the  calf.  Quoman's  Perfec- 
tion, is  the  result  of  the  homozygous 
zygote. 

According  to  figures  given  in  Wis- 
consin Ex])criment  Station  Bulletin 
No.  213,  dealing  with  the  inheritance 
of  the  red  color  in  the  black  breeds  of 
cattle,  2.61  per  cent  of  the  Angus  re- 
corded in  Vols.  18  to  2~  inclusive  are 
heterozvgous   for   red. 
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A  NEW  METHOD  OF  SELF-POLLINATING 

CORN 

Ml'.RI.i:     T.     J  EX  KINS, 

U.  S.  Drpiirtinciit    of  .Ijjriciilfurc.    Jf'ashlitt/toii.   P.    C. 


EXri'LXSIX'E  cooperative  corn 
breeding  experiments  were  inau- 
gurated at  Ames,  Jowa,  in  1922. 
by  the.  Office  of  Cereal  Investigations, 
U.  S.  Department  of  Agriculture,  and 
the  Iowa  Agricultural  Experiment  Sta- 
tion. It  was  necessary  to  make  a  large 
number  of  self-pollinations  in  connec- 
tion with  these  investigations,  and  a 
modified  technique  has  been  developed 
that  is  efficient  both  as  to  time  and  re- 
sults. Because  of  the  interest  in  se- 
lection within  selfed  lines  as  a  means 
of  corn  improvement  and  the  large 
number  of  selfs  that  are  being  made 
each  year,  it  seems  desirable  to  pre- 
sent the  modification  at  this  time. 

A  method  of  hand-pollinating  used 
in  the  Office  of  Cereal  Investigations 
for  some  years  has  been  as  follows : 
The  ear-shoots  are  bagged  before  any 
silks  have  appeared.  After  a  few  silks 
emerge,  the  shoot  is  cut  back  lA  to 
i^  inches  and  the  bag  is  replaced.  In 
from  twenty-four  to  forty-eight  hours 
a  good  brush  of  silks  some  two  inches 
long  is  ready  to  pollinate.  The  method 
of  bagging  and  cutting  l)ack  shoots 
is  illustrated  in  Figure  IT.  The 
tassel  required  for  any  pollination  may 
be  bagged  at  the  time  of  cutting  back 
the  given  shoot.  From  twenty- four 
to  forty-eight  hours'  protection  from 
stray  pollen  is  thus  given,  during  which 
time  any  foreign  ixjllen  that  ]:»reviously 
had  lodged  upon  the  tassel  may  lose  its 
viability. 

Bags  of  glassine  paper  two  and  one- 
half  inches  wide  and  six  inches  long 
have  been  found  convenient  for  bagging 
the  shoots  before  pollinati(jn.  As  they 
are  S8mi-transi)arent.  the  development 
of  the  silks  may  be  watched  and  the 
time    otherwise    required    to    feel    each 


shoot  is  saved.  The  size  of  the  bags 
is  such  as  to  give  sufficient  room  and 
yet  to  stay  in  place  without  fastening. 
Occasionally  a  bag  is  lost,  but  a  little 
practice  in  using  them  reduces  this  loss 
to  a  minimum.  Meavy  twelve-pound 
paper  bags  have  been  used  for  the  tas- 
sels in  selfing  and  the  same  bag  is  used 
to  protect  the  shoot  after  pollination. 

The  method  used  in  1922  was  similar 
to  this  up  to  the  time  of  cutting  back 
the  shoots.  At  this  time  the  tassel  was 
pulled,  shaken  to  free  it  from  foreign 
pollen,  and  enclosed  with  the  shoot  in 
a  twelve-jxHrnd  bag.  In  order  to  keep 
the  tassel  shedding,  its  stem  was  in- 
serted into  a  small  bottle  of  water  that 
had  been  attached  to  the  stalk. 

It  was  found  desirable  to  have  two 
men  operate  together.  One  carries  tags 
for  labeling  the  ears  and  a  pail  of  water 
containing  a  supply  of  small,  wide- 
mouthed  bottles.  Operating  from  the 
side  of  the  plant  bearing  the  ear-shoot 
he  first  fastens  a  tag  just  above  the 
ear-bearing  node,  and  then  fastens  one 
of  the  small  bottles  of  water  to  the 
stalk  just  above  the  tag.  The  tag 
should  be  to  his  right  and  the  bottle 
to  his  left  as  he   faces   the  plant. 

The  other  man  carries  a  supplv 
of  twelve-pound  paper  bags,  paper 
clips  or  string,  and  a  knife.  Oper- 
ating from  the  opposite  side  of 
the  plant,  he  pulls  the  tassel,  frees  it 
from  pollen  by  shaking,  and  puts  it 
into  one  of  the  bags.  He  then  removes 
the  glassine  bag.  cuts  back  the  shoot, 
and  places  the  bag  containing  the  tassel 
over  the  shoot,  inserting  the  stem  of 
the  tassel  into  the  bottle  of  water.  The 
stem  should  be  kei)t  to  the  back  of  the 
bag  (away  from  the  stalk)  and  to  the 
right      for     convenience     in     handling. 
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TECHNIQUE  OF  THE  NEW  METHOD 

Firi-RF  17      Before  the  silks  appear  a  Klas.ine  haw  is  placed  over  the  ear.     After  the  silks 

are  vLible  the  end   of  the   husk  is  cut  back,  and   the   tassel   of   the   plant    ,s    removed    and 

shaken  to  free  it  from  foreign  pollen.     Then  a  twelve-pound  paper  bag  is  slipped  over  both 

astel  and  ea" and  fastened  i^  pface.     The  stalk  of  the  tassel  -^^s  ,n  a  Mnall  bottle^  o^  water 

to  prevent  it   from  witliering  before  a  considerable  quantity  ot   pollen  has  bien   shed. 


POLLINATION    COMPLETED— TYPE    OF    EARS    OBTAINED 

Figure  18.  The  advantages  claimed  tor  this  method  of  self-pollinating  corn  are  that  it 
prevents  danger  of  contamination  and  that  the  ears  produced  are  well  filled  from  base  to 
tip.  About  forty-five  pollinations  an  hour  can  be  made  by  two  men.  The  method  does  not 
lend  itself  well  to  cross-pollenation,  but  by  using  individual  branches  of  the  tassel  a  useful 
modification  might  be  developed. 
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During  this  operation  he  is  assisted  hy 
the  first  man,  who  holds  the  leaf  away 
so  that  the  hag  may  he  pulled  well 
down  over  the  shoot.  The  bag  then 
is  fastened  in  place. 

The  bag  may  be  tied  in  place  with 
string  or  wire,  or  may  be  fastened  with 
paper  clips  by  bringing  tlie  two  front 
corners  of  the  bag  (toward  the  plant', 
forward  around  the  stalk,  folding  them, 
and  clipping.  This  method  is  shown  in 
h^igure  18,  which  illustrates  a  plant  on 
which  pollination  has  been  completed. 
The  use  of  clips  has  several  advan- 
tages. The  corners  of  the  bag  not 
clipped  accommodate  the  growth  of  the 
shoot  so  that  little  further  attention 
is  required.  There  also  is  less  dam- 
age from  rain,  as  the  attachment  to 
the  stalk  h^lps  to  hold  the  ear  erect 
with  the  bag  o\er  it  like  a  tent. 

The  time  required  for  the  operation 
as  described  is  about  the  same  as  would 
be  needed  to  api)ly  pollen  from  the 
previously  bagged  tassel  under  the 
older  method.  Consequently  the  time 
otherwise  required  for  bagging  th^ 
tassel  is  saved.  'J'wo  men  made  380 
pollinations  in  six  hours,  under  favor- 
able conditions  during  the  past  .season. 
This  is  something  more  than  si.xty  per 
hour  or  one  yjollination  per  minute. 
'Jhe  average,  however,  was  about  forty- 
five  ])ollinations  ])er  hour  for  two  men. 

Pollinations  may  be  made  at  any  time 
of  the  day,  as  shedding  of  jjollen  does 
not  have  to  be  in  progress  at  the  time 
of  l)agging.  It  is  necessary,  however, 
to  kno\<'  that  the  tassel  will  shed  jh)!- 
len  later  on.  In  this  Cf)nnection,  it  has 
been  fcnmd  that  tassels  will  shed  little 
itr  no  pollen  if  they  are  pulled  more 
than  a  few  hours  before  shedding  l)e- 
gins.  If  jmllcd  after  the  central  spike 
has  begun  to  shed  abundantly  they  may 
continue  t()  shed  for  four  or  five  days 
under  favorable  conditions,  and  this  is 
the  best  time  to  pull  them. 

Bottles  of  about  one  ounce  capa- 
city with  a  mouth  about  three-quarters 
of    an    inch    in    dianu'tcr    proved    the 


most  satisfactory  of  several  kinds  tried. 
1  hese  were  obtained  at  prices  ranging 
from  two  to  three  cents  each.  They 
were  left  on  the  stalks  about  four  days 
and  then  were  collected  for  further 
use,  .so  that  onl\-  enough  were  needed 
to  take  care  of  four  or  five  days'  polli- 
nations. Some  tassels  will  shed  satis- 
factorily without  l)cing  i)ut  in  water. 
I  he  cost  of  the  bottles  is  small,  how- 
ever, and  it  is  safer  to  use  them 
in  all  cases.  The  liottles  may  l)e  at- 
tached to  the  stalk  with  copper  wire 
(about  Xo.  23  B&S)  twisted  first 
around  the  neck  of  the  bottle  and  then 
about  the  stalk.  The  bottles  also  may 
be  hooked  in  i)lace  by  means  of  a 
stiff  wire  fastened  to  the  neck  and 
properly  bent. 

This  method  was  used  satisfactorily 
in  making  o\er  7,000  self-pollinations 
in  1922.  .\  rei)resentative  sample  of 
the  ears  obtained  is  shown  in  Figure 
18.  Both  yellow  and  white  varieties  of 
corn  were  grown  in  the  pollinating 
plat  and  were  shedding  pollen  at  the 
same  time,  so  that  if  much  contamina- 
tion had  occurred  some  of  it  should 
be  apparent  as  xenia.  Most  of  the 
ears  have  now  been  shelled  and  very 
few  cases  of  contamination  have  been 
observed,  h  seems  likely,  moreover, 
that  there  is  at  least  as  little  danger 
of  contamination  in  using  this  method 
as  there  is  in  any  method  that  in- 
volves even  the  briefest  exposure  of 
receptive  silks  to  a  pollen-filled  atmos- 
phere. 

The  nictho(l  ean.  be  utiliz.-d  in  crciss 
pollination  when  it  is  not  necessary  to 
use  the  tassel  more  than  once.  It  also 
may  be  possible  to  use  only  individual 
branches  of  a  tassel  so  that  several 
pollinations  can  he  made  from  a  single 
plant.  This  seems  worth  trying  be- 
cause of  the  safety  of  the  method,  in 
spite  of  the  fact  that  it  docs  not  lend 
itself  as  well  to  the  less  routine  ojKMa- 
tion  of  crossing.  In  self-pollination, 
however,  the  method  is  not  only  safe 
I  ut  efficient. 


MUTATIONS  OF  THE  POTATO 

TWO   SOMEWHAT   UNSTABLE    LEAF-FORM    SPORTS   OF   THE 

IRISH  POTATO 

Donald   Folso.m 
Maine  Agricultural  Exf^criiiiciit  Station,  Oroiio 


MUTANT  AND  NORMAL  LEAVES 

Figure  li).  While  greater  variation  is  to  be  expected  in  the  progeny  of  plants  that  repro- 
duce by  seed,  the  breeder  of  those  that  are  propagated  vegetatively  also  has  an  opportunity 
to  take  advantage  of  variation,  in  the  form  of  bud  sports.  Frequency  of  sporting  varies  greatly 
in  different  species;  in  the  study  here  reported  only  five  leaf-form  mutations  were  observed 
in  more  than  .'JoO.OOO  olants  examined.  The  leaves  shown  above  are  both  from  the  same 
plant,  the  fifth  vegetative  generation  of  a  thick-leaved  mutant  discovered  in  the  Green 
Mountain  variety.  The  leaf  on  the  right  is  typical  of  the  mutant  form,  while  the  other  has 
partly  reverted  to  the  normal. 


VARIEGATION  sports  of  the 
Irisli  potato  have  been  reported 
hy  (Juanjer'*  and  by  Hunger- 
ford."  and  have  l)ecn  observed  by  the 
writer.  MacKelvie'  has  described  a 
sport  with  simultaneous  loss  of   tuber- 

*For  numbered  references,  sec  Literature  Cited  at  end  of  article 
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skin  color,  change  of  sprout  color,  and 
decrease  in  abruptness  of  tai)ering  of 
the  distal  ends  of  the  leaflets.  Leaf- 
f(n-m  sports  appear  to  be  infrequent 
in  ])otatoes.  The  two  types  reported 
here   seem   to   be   somatic   mutations   in 
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A  SIMPLE-LEAVED  VARIATION 


FI.CKK   20.     This    plant    n.>r.s..t.    the.   -cond    vc-.c.at,..    «cncra^on    of    a  ^im.;lc-leavcd 

TiT;s:^z::r.^^:r^T\.:::r^i  ^^'^J.^r.u  o.  the ...., .... 

but  the  vegetative  progeny  of  the  latter  were  all  Mmple  leaved. 


Folsoin :     i'oUilo  MulaiUs 
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PARTLY  REVERTED 

Figure  21.  This  plant  was  raised  from  a  tuber  of  the  simple-leaved  plant  shown  in 
Figure  20.  Two  of  its  leaves  were  half  simple  and  half  compound,  but  the  plants  raised 
from  it  were  all  simple-leaved.  The  fact  that  these  plants  ^partly  revert  to  the  normal  after 
two  generations  of  abnormality  precludes  the  possibility  of  their  unusual  leaves  being  due  to 
"degeneration  disease."  From  this  there  is  no  recovery  as  long  as  vegetative  propagation  is 
continued. 


a  clonal  variety,  and  have  1)eeii  un- 
stable enou.^h  to  revert  in  part  to  the 
varietal  norm.  The  five  cases  to  be 
described  were  the  only  ones  noticed  in 
over  350,000  plants  observed  for  foli- 
age diseases. 

A  simple-leaf  sport  of  the  Green 
Mountain  variety  came  under  the 
writer's  observation  in  northeastern 
Maine  in  1!)"3()  as  a  single  hill  in  a 
con'.mercial    field.      The    second,    third 

*Thc  f/ciicrati(}iis  referred  to  in  this  paper 
tions. — Kditor. 


and  fourth  generations*  were  grown 
respectively  in  the  greenhouse  at  Orono 
the  following  winter  (Fig.  "^0).  in  the 
field  in  the  summer  of  1921,  and  in 
the  field  in  1922.  The  third  generation 
(consisting  of  a  one-stalked  plant)  ap- 
parently reverted  partly  to  a  compound- 
leaf  condition,  two  leaves  being  divided 
longitudinally  so  that  each  was  half 
simi)le-leaf  and  half  com]X)und-leaf 
( I'^ig.  '^1),  but  its  i\\(t  tubers  produceil 

are   vegetative   ones   and   not   sexual  genera- 
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ten      plants      that      were      simple-leaf 
throughout. 

Four  thick-leaf  sports  have  been  ob- 
served by  the  writer  in  four  different 
Maine  fields,  three  in  the  Green  Moun- 
tain variety  and  one  in  the  Ehnola 
variety.  Only  one  will  be  described 
here.  It  originated  in  a  Green  Moun- 
tain hill-selection  strain  grown  and  ob- 
served for  foliage  diseases  from  191 5 
to  1920,  inclusive.  This  hill-selection 
strain  produced  only  one  thick-leaf 
sport,  as  one  hill  in  a  total  of  158 
grown  in  191 8.  The  original  thick- 
leaf  hill  had  two  branches  almost  nor- 
mal and  two  branches  with  distorted, 
th'ck  or  fleshy,  glabrous  leaflets.  Of 
the  sscond.  third,  fourth  and  fifth  gen- 
erations, grown  in  the  field  the  next 
four  summers,  each  showed  a  range 
from  absence  to  completeness  of  sport- 
ing among  the  various  hills,  and  even 
among  the  various  leaves  of  one  hill, 
and  among  the  leaflets  of  a  single  leaf. 
Fig.  10  shows  a  completely  al)nornial 
leaf  and  one  partly  normal.  The  orig- 
inal plant  in  1918  yielded  six  tubers, 
which  in  1919  produced  sixteen  plants 
of  which  nine  were  more  or  less  ab- 
normal. Seven  of  these  nine  hills  were 
ke]n.  The  percentage  of  their  leaf 
area  estimated  to  be  al)normal.  ranering 
from  ten  to  one  Innidred   per  cent   for 


the  different  plants,  was  not  correlated 
with  the  abnormality  percentages  of 
their  progeny  hill-lots.  In  1920.  ten 
hills  were  selected  as  having  less  than 
half  of  the  foliage  abnormal,  and  ten 
with  more  than  half.  These  two  ten- 
hill  parts  of  the  strain  were  not  ob- 
viously different  from  each  other  in 
1 921.  though  as  previously  stated,  there 
was  a  complete  range  of  difference  be- 
tween hills.  Only  a  few  of  the  most 
abnormal  hills  were  kept  in  1921,  but 
in  1922  there  was  again  a  variation, 
normal  or  partly  ncu-mal  foliage  ap- 
jiearing.  It  seems,  then,  that  the  thick- 
leaf  type  of  sport,  though  probably  oc- 
curring more  frequently  than  the 
simi)le-leaf  type,  is  somewhat  less 
stable. 

Partial  recovery  after  two  genera- 
tions of  complete  abnormality,  with 
normal  leaflets  or  leaves  then  appearing 
with  abnormal  ones  as  parts  of  the 
same  structure,  precludes  these  sports 
from  being  classed  with  degeneration 
diseases.  From  such  diseases  there  is 
no  true  recovery  as  long  as  proi)aga- 
tion  is  by  tubers,'  and  apparent  re- 
covery (climatic  sup])ressi()n  of  symp- 
toms) is  not  confined  to  indi.scrinii- 
nately  scattered  leaflets,  leaves,  anrj 
l)lants. 
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THE  ALLEGHENY  COLLEGE  BIRTH  RATE 

H.  R.  Hunt 
•     L'liiz'crsify  of  Mississippi 


Ti  1 1"^  present  study  was  under- 
taken to  determine  whether  the 
modern  tendency  amoni^'  edu- 
cated people  to  restrict  the  size  of 
the  family  has  reduced  the  l)irth  rate 
among  the  graduates  of  Allegheny 
College.  It  also  adds  one  more  link 
to  the  chain  of  evidence  showing  that 
a  high  state  of  civilization  curbs  repro- 
duction among  the  more  intelligent  ele- 
ments of  society. 

Allegheny  College  was  founded  in 
1815  at  Meadville,  Pennsylvania.  The 
present  enrollment  is  about  560  stu- 
dents (men  and  women).  The  college 
has  been  for  years  under  the  patronage 
of  the  ]\Iethodist  Episcopal  Church. 
As  a  consequence  the  moral  and  relig- 
ious elements  in  the  education  of  the 
students  have  been  emphasized.  The 
institution  is  a  good  representative  of 
the  strong,  coeducational,  Christian  col- 
lege of  the  middle  west. 

The  progress,  or  even  maintenance, 
of  civilization  depends  in  part  upon 
the  production  of  a  sufificient  number 
of  capable  and  cooperative  men  and 
women.  There  is  a  ditTerence  of  opin- 
ion, however,  as  to  the  effective  means 
of  maintaining  an  adecjuate  supply  of 
them.  Some  assume  that  the  human 
mind  at  birth  is  a  clean  slate  upon 
which  environmental  factors  inscrilie 
the  symbols  of  character  and  caj^acity. 
The  view  which  prevails  among  eugen- 
ists,  however,  is  that  heredity  is  fully 
as  potent  as  environment  in  framing 
the  course  of  the  individual's  ])hysical 
and  mental  development.  ]\Ien  are 
not  "created  e(|ual."  The  available  evi- 
dence sui)i)orting  this  view  has  been 
repeatedly  presented  in  the  ])ages  of 
the  JouRN/\L  OF  Heredity.  However, 
the  idea  that  onlv  environmental  agen- 


cies shape  the  human  mind,  and  that 
heredity  has  little  or  nothing  to  do 
with  moulding  it,  is  so  prevalent  that 
a  brief  and  incomplete  summary  of  the 
evidence  may  help  to  clarify  the  read- 
er's ideas. 

Is  Intelligence  Inherited? 

In  the  first  place,  variation  is  of 
such  universal  occurrence  among  ani- 
mals and  plants  that  one  may  regard 
it  as  a  fundamental  property  of  living 
things.  A  large  number  of  these  varia- 
tions is  known  to  be  inherited.'*  If 
variations  in  human  mental  capacity 
were  not  inherited,  the  mind  of  man 
would  present  a  very  conspicuous 
anomaly  in  the  realm  of  life. 

Secondly,  many  physical  variations  in 
man  are  known  to  be  inherited.  This 
fact  increases  the  probability  of  some 
mental  variations  being  transmitted,  for 
it  shows  that  man  is  no  exception  to 
the  laws  of  variation.  Beir  and  Pear- 
son' (cited  from  Pearl)  have  demon- 
strated that  the  physical  vigor  which 
leads  to  long  life  is  inherited.  Pear- 
son (cited  from  Pearl)  has  demon- 
strated the  inheritance  in  man  of 
variations  in  stature,  span,  length  of 
forearm,  eye  color,  cephalic  index,  and 
hair  color.  Huntington's  chorea,  color 
blindness,  night  blindness,  exosteoses, 
Polydactyly,  skin  color,  defects  in  den- 
tation, ichthyosis,  haemophilia,  and 
numerous  other  physical  variations 
from  the  normal  are  known  to  be  in- 
herited in  man.*  It  is  highly  probable, 
in  the  face  of  such  evidence,  that  the 
human  brain  varies  like  other  organs 
of  the  human  body,  and  that  some  of 
these  variations  are  inherited.  Such 
variations  would  express  themselves  as 


*For  numbered   references,  see   Literature   Cited   at  end   of  article. 
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fluctuations  in  mental  capacity  of  one 
kind  or  another. 

Our  behef  in  the  variations  in  human 
intelligence  rests  not  only  upon  deduc- 
tions from  the  general  principle  of 
variation,  but  also  upon  direct  obser- 
vations on  the  human  mind  itself. 
Yerkes'  and  his  associates  organized 
and  conducted  a  prodigious  experiment 
in  mental  testing  in  the  United  States 
Army  during  the  World  War.  A 
sample,  consisting  of  over  162,000  men, 
wsLS  selected  for  analysis  from  the 
nearly  2,000,000  psychological  record 
cards  sent  in  from  the  various  army 
camps.  The  analysis  revealed  great 
variation  in  mental  ability.  Much  of 
the  fluctuation  may  have  been  due  to 
differences  in  educational  opportunities  ; 
part  of  it  was  probably  caused  by  in- 
born differences  in  ability.  This  is 
shown  by  a  comparison  between  fKiO 
cfTficers,  none  of  whom  had  gone  be- 
yond the  eighth  grade,  with  13.043 
native  white  drafted  soldiers  of  high 
school  or  college  education.  Though 
the  best  educated  ofificer  in  the  group 
had  received  less  education  than  the 
least  educated  recruit,  the  average  rat- 
ing on  examination  alpha  for  the  ofifi- 
cers  was  slightly  higher  than  that  for 
the  recruits.  Apparently  the  inferior 
training  of  the  ofificers  was  offset  by 
an  average  inl)orn  intelligence  superior 
to  that  of  the  recruits. 

Goddard"  has  demonstrated  the  in- 
heritance of  feeblemindedness.  Degrees 
of  feeblemindedness  range  from  idiocy 
and  imbecility  through  the  higher 
grades  (morons)  to  types  which  we 
would  characterize  as  mentally  dull. 
There  is  no  sharp  boundary  between 
the  feebleminded  and  the  "normal" 
categories  of  persons.  Therefore,  if 
the  lower  ranges  of  the  scale  of  in- 
telligence are  often  inherited,  whv  not 
the  higher  also?  There  is  no  little 
evidence  to  supjiort  such  a  conclusion. 
Galton's  classic  studies  revealed  that 
I^)ritish  men  of  genius  were  almost 
without  exceptiftn  descended  from 
families  in  which  great  intellectual 
abilitv  was  the  rule. 


Frederick  Adams  Woods  in  his  fas- 
cinating book,  "Mental  and  Moral 
Heredity  in  Royalty,"'  has  shown  that 
both  mental  and  moral  qualities  are 
inherited. 

The  reader  who  is  interested  in  ex- 
amining a  very  good  summary  of  the 
evidence  that  mental  capacity  is  in- 
herited, will  find  it  in  Popenoe  and 
Johnson's  "Applied  Eugenics."  chapter 
4.^  Briefly,  part  of  the  evidence  as 
presented  is  as   follows : 

(1)  Mental  traits  (insanity  and 
feeblemindedness)  segregate  in  suc- 
cessive generations  much  like  other 
traits  which  are  known  to  be  inherited. 

(2)  Resemblances  in  twins  jiersist  in 
spite  of  differences  in  the  environment ; 
unlike  qualities  in  twins  ])ersist  in 
spite  of  sameness  in  the  environment 
(Galton). 

(3)  Older  twins  do  not  show  greater 
resemblance  than  younger  ones,  though 
the  former  have  been  subjected  to  the 
same  environment  longer  than  the 
latter  (Thorndike). 

(4)  Thorndike's  experimental  work 
also  shows  that.  "Equalizing  |)ractice 
seems  to  increase  differences.  The 
superior  man  seems  to  have  got  his 
present  suj^eriority  b}'  his  own  nature 
rather  than  by  sujierior  advantages  of 
the  past,  since,  during  a  period  of 
equal  advantages  for  all.  he  increases 
his    lead." 

(5)  Pearson  finds  that  the  average 
coefficient  of  correlation  with  respect 
to  several  mental  traits  in  brothers  and 
sisters  is  al)f)Ut  .5.  The  same  degree 
of  resemblance  exists  for  physical  traits 
known  to  be  inherited. 

The  facts  amply  justify  the  view  that 
men  differ  greatly  at  birth  in  their 
inherited  mental  endowments,  and  that 
these  differences  exert  a  profound  in- 
fluence ujion  their  lives. 

It  is  therefore  important  to  deter- 
mine whether  mentally  superior  stocks 
are  holding  their  own  numerically  in 
our  increasing  jiopulation.  If  unusually 
good  families  die  out  or  decrease  it 
is  not  probable  that  their  loss  can  he 
made   good    by   the    substitution    of    in- 
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nately  mediocre  stock,  even  thoui,di  edu- 
cated in  the  most  apiji'oved  fashion. 

Fecundity  and  Intelligence 

There  are  indications  that  the  per- 
centage of  unusually  capable  persons  is 
decreasing  in  the  population  of  the 
United  States. 

Regarding  the  city  of  Pittsburgh, 
Johnson,   Popenoe,  and  Scorer"  report : 

"Taking  into  account  all  the  wards 
of  the  city,  it  is  found  that  the  birth- 
rate rises  as  one  considers  the  wards 
which  are  marked  by  a  large  foreign 
population,  illiteracy,  poverty,  and  a 
high  death-rate.  On  the  other  hand, 
the  birth-rate  falls  as  one  passes  to 
the  wards  that  have  most  native-born 
residents,  most  education,  most  pros- 
l^erity — and.  to  some  extent,  education 
and  prosperity  denote  efficiency  and 
eugenic   value." 

Cattell'"  in  his  study  of  American 
scientists  finds  that  their  marriage  rate 
is  high  and  the  death  rate  for  their 
children   is   unusually   low. 

Yet  he  concludes,  "A  scientific  man 
has  on  the  average  about  seven-tenths 
of  an  adult  son.  If  three-fourths  of 
his  sons  and  grandsons  marry  and 
their  families  continue  to  be  of  the 
same  size,  a  thousand  scientific  men 
will  leave  about  350  grandsons  who 
marry  to  transmit  their  names  and  their 
hereditary  traits.  The  extermination 
will  be  still  more  rapid  in  female 
lines."* 

Cattell  shows  (Table  IX)  that  (543 
scientific  men.  employed  in  universities 
and  other  institutions,  have  an  average 
of  but  2.28  children  each. 

Nearing"  remarks  in  the  course  of  a 
study  of  the  birth  rates  in  different 
sections  of  Philadelphia,  (foot  note, 
p.  635),  "Such  figvu'es  merely  confirm 
in  a  broad  way  the  fact  of  common 
experience — large  income,  small  family, 
and  vice  versa." 

Similar  conditions  appear  to  exist 
in  Europe.  Bertillon  (cited  from 
Holmes,'°   p.    132).    studying    the    birth 

*  About  75  per  cent   of  the  graduates  of   Harvard   and   Yale   marry ;   and   about   50   per 
cent  of   the  graduates   of   women's   colleges   marry. 


rate  per  thousand  women  between 
fifteen  and  fifty  years  in  Paris,  Berlin, 
Vienna,  and  London,  furnishes  data 
which  show  that  the  poorer  the  district 
of  the  city,  the  higher  the  birth  rate. 

A  statement  from  Holmes  (p.  134) 
is  worth  quoting  in  this  connection : 

"Several  of  Pearson's  colleagues 
found  in  the  laboring  population  of 
English  towns  that  there  was  a  fairly 
high  correlation  between  large  fami- 
lies and  dirty  homes  (.41),  low  rent 
(.31),  jKtor  f(Xjd  (.33),  insufficient 
food  (.35),  low  wages  of  father  (.32), 
and  irregularity  of  employment.  We 
may  explain  the  low  rent  and  the  poor 
and  insufficient  food  of  large  families 
as,  in  part  at  least,  a  consequence  of 
their  large  size.  There  seems,  how- 
ever, no  good  reason  to  suppose  that 
the  possession  of  a  large  family  would 
have  any  effect  in  lowering  the  wages 
of  the  father.  Wages  are  at  least  a 
rough  measure  of  the  efficiency  of  the 
individual  worker,  and  the  fact  that 
the  men  who  are  poorly  paid  have  a 
larger  number  of  children  than  those 
who  receive  better  wages  indicates  that 
the  less  efficient  types  have  the  highest 
degree  of   fecundity." 

A  glance  at  recent  immigration 
statistics  is  suggestive.  Table  I  shows 
the  relation  between  fecundity,  mental 
capacity,  and  numbers  of  individuals 
in  this  country,  of  several  classes  of  the 
foreign-born.  The  data  on  birth 
rates  are  taken  from  Holmes.'"  The 
army  mental  tests  furnish  the  ratings 
of  average  mental  capacity  of  the 
various  classes  presented."  Classes  A 
and  B  include  the  most  intelligent  sol- 
diers, classes  D,  D-.  and  E  the  least 
intelligent. 

"In  general,"  says  Holmes,  "The 
women  of  native  white  parentage  had 
2.7  children,  while  those  of  foreign 
parentage  had  4.4." 

Without  data  on  death  rates  it  is 
of  course  impossible  to  determine  the 
rates  of  net  increase  in  these  eleven 
groups. 


54 


The  Journal  of  Heredity 


These  observations  strongly  support 
the  view  that  some  of  the  highly 
fecund  stocks  (Russians,  Poles,  Ital- 
ians, etc.),  w^hich  form  a  large  part 
of  our  more  than  thirteen  millions  of 
foreign-born  whites,  are  of  compara- 
tively low  intelligence.  This  does  not 
mean  that  the  average  intelligence  in 
the  particular  countries  from  which 
these  immigrants  came  is  inferior  to 
ours;  it  may  only  signify  that  the 
poorer  material  migrates  to  us. 

Such  rather  unpromising  strains  are 
helping  to  fill  the  gaps  left  by  the 
dwindling  old  American  families  that 
have  made  the  country  what  it  is. 
We  should  welcome  those  immigrants 
who  are  morally  and  mentally  our 
ecjuals  or  superiors:  they  may  luring 
us  strength  and  stability.  But  we  must 
be  cautious  about  admitting  inferior 
strains.  The  whole  problem  of  im- 
migration should  be  very  carefully 
studied  at  this  time,  not  by  politicians, 
but  by  scientifically-minded  persons 
who  are  competent  to  discover  the 
facts,  and  to  recommend  which  types 
sbould  be  admitted  and  which  excluded. 

The  Families  of  College  Graduates 

Let  us  turn  now  to  a  consideration 
of  the  reproductive  rate  among  college 
graduates.  Keejiing  in  mind  the  fact 
that  mental  ability  may  l)e  inherited, 
the  marriage  and  birth  rates  among 
college  graduates  are  eug;;nically  im- 
])ortant,  because  these  persons  are  un- 
doubtedly above  the  average  mentallv. 
Anyone  who  has  run  the  gauntlet  of 
the  public  school  and  college  courses 
realizes  that  the  vast  majority  of  his 
schoolmates  (not  far  from  99  per 
cent  according  to  the  report  on  the 
army  mental  tests)  drop  out  of  the 
race  before  graduation  from  college. 
Many  leave  school,  no  doubt,  for  eco- 
nomic or  temperamental  reasons,  but 
uncjuestionably  a  large  proportion  de- 
])art  because  they  are  mentally  unable 
to  maintain  the  pace.  The  armv 
mental  tests  confirm  this  view  (I'art 
III,  Cha])tcr  X).  'i'hc  examiners  con- 
clude : 


"Distinctlv  more  than  average  in- 
telligence would  seem  to  be  a  pre- 
recjuisite  to  a  college  education,  and 
almost  as  strictly  a  prerequisite  to 
graduation  from  or  even  entering  high 
school." 

It  is  disquieting  to  note,  in  the 
light  of  the  facts  stated  in  the  last 
paragraph,  that  the  birth  rate  in  this 
selected  group,  college  graduates,  is 
comparatively  low. 

Johnson  and  Stutzmann'"  have 
studied  the  classes  of  Wellesley  Col- 
lege which  graduated  from  1879-1888. 
Only  fifty-five  per  cent  of  the  women 
had  married.  The  number  of  children 
];er  graduate  was  .8(i ;  per  wife,  1.56 
.Such  absurdly  small  families  obviously 
fall  far  short  of  replacing  the  excellent 
stock  from  which  these  girls  doubtless 
came. 

Popenoe  and  Johnson"  furnish  the 
data  for  the  following  citations.  The 
number  of  children  ])er  graduate  from 
Mount  Molyoke  College  has  declined 
from  2.37.  for  classes  graduating  from 
1842  to  1849.  to  .95  per  graduate  for 
those  graduating  during  the  years  from 
1890  to  1892.  Bryn  Mawr  graduates  in 
the  classes  from  188.S  to  1 !);)()  had  borne 
only  .37  of  a  child  ])er  graduate  by 
1913.  Sjirague  finds  that  of  the  grad- 
uates of  Vassar  College  in  the  classes 
from  18()7  to  1892,  53  per  cent  mar- 
ried. There  was  an  average  of  1.91 
children  ])er  married  graduate,  and  but 
1.00  child  pev  graduate. 

I'hilli])s"  has  studied  the  birth  and 
marriage  rates  among  the  graduates  of 
Harvard  and  Yale  in  tlu-  classes  from 
about  1850  to  1S!>().  At  Harvard  the 
average  number  of  children  per  gradu- 
ate has  decrea.sed  from  1.98  (18(11- 
1870)  to  1.55  (1881-lSOO).  At  Vale 
the  corresponding  data  are  2.5;]  children 
(1850-1859).  and   1.53    (1881-1890). 

Banker'  has  demonstrated  a  decrease 
of  the  birth  rate  in  the  families  of 
men  and  women  lil)cral  arts  graduates 
of  Syracuse  University.  The  average 
number  of  surviving  children  of  the 
women  graduates,  per  graduate,  of  the 
classes  of  1S52  to  ISOI   was  l.*3.     This 
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figure  decreased  to  l.O'i  children  for  the 
classes  grachiatiiii,^  in  1872-1881,  and 
to  .52  of  a  child  lor  the  period  1892- 
1901.  Likewi.se  the  average  number 
of  the  men  graduates'  children  sur- 
viving. i)er  graduate,  declined  from 
2.12  for  the 'classes  of  1852-18G1.  to 
one  child  each  in  the  period  1892-1!)01. 

The  writer'"  found  that  better  matri- 
monial ideals  prevail  among  the  stu- 
dents of  the  University  of  Mississippi 
than  seem  to  have  dominated  recently 
the  students  in  the  institutions  just 
mentioned. 

The  foregoing  discussion  prepares  us 
for  a  more  intelligent  appreciation  of 
the  facts  bearing  on  the  marriage  and 
birth  rates  among  the  Allegheny  Col- 
lege graduates. 

Families   of  Allegheny   Graduates 

The  collection  of  data  presented 
many  practical  difficulties.  In  the  first 
place  the  college  has  not  preserved 
adequate  records  of  marriages,  and 
none  of  births.  It  was  therefore  neces- 
sary to  mail  questionnaires  to  surviv- 
ing men  and  women  graduates,  depend- 
ing entirely  upon  their  interest  and 
good  will  for  satisfactory  replies.  The 
Alumni  Register  of  1921  furnished  the 
names  and  addresses  and  indicated 
those  graduates  who  had  died.  A  valu- 
able supplementary  source  of  informa- 
tion was  a  booklet  published  bv  the 
Class  of  1890. 

A  study  of  the  l)irth  rate  in  such  a 
group  would  be  of  little  value  if  the 
families  were  not  complete,  or  for  the 
most  ])art  nearly  so.  Hence  the  class 
graduating  in  1899  was  the  latest  one 
studied.  It  was  assumed  that  the  ages 
of  the  wives  in  families  one  of  whose 
consorts  graduated  not  later  than  this 
date,  would  as  a  rule  approach  or  ex- 
ceed 45  years,  the  usual  limit  of  the 
child  bearing  period.  The  collected 
data  accorded  with  this  belief  in  a 
general  way. 

The  proportion  of  deceased  members 
in  the  classes  before  1870  was  so  large 
that  it  was  deemed  unwise  to  attempt 
to  studv  classes  of  an  earlier  date. 


A  (|uestionnaire  was  sent  in  January 
and  h>l)ruary  1922,  to  each  of  the  liv- 
ing graduates  of  the  classes  of  1870  to 
1899.  In  A])ril  a  second  copy  of  the 
questionnaire  was  mailed  to  each  per- 
son who  failed  to  return  the  first,  with 
the  urgent  request  that  the  data  be 
forwarded.  This  somewhat  enlarged 
the  returns,  but  not  enough  to  warrant 
a  third  attempt.  Fifty-seven  per  cent, 
of  all  questionnaires  were  returned. 
Criticisms  based  on  the  incom])leteness 
of  our  data,  however  justifiable  sta- 
tistically, should  be  tempered  by  the 
fact  that  much  desirable  information 
was  apparently  not  obtainable  by  any 
readily  available  means. 

The  essential  features  of  the  ques- 
tionnaire sent  to  the  men  are  repro- 
duced below.  After  a  brief  preliminary 
explanation,  the  following  (|uestions 
were  asked  : 

(i)     Name. 

(2)  Are  you  single,  married,  divorced, 
or    a    widower? 

(3)  What  wa.s  your  age  at  graduation 
from    Allegheny  ? 

(4)  If  married,  what  was  your  age  at 
marriage? 

(5)  If  married,  how  many  children  have 
j'ou  ?  Number  living Number  de- 
ceased     

(6)  If  married,  what  is  your  wife's 
present   age? 

(7)  Supplimentary  information  or  re- 
marks. 

The  following  persons  who  graduated 
from  .Allegheny  College  in  your  class  arc 
now  dead.  Please  answer  the  above  ques- 
tions for  each  one  of  these  deceased  class- 
mates, as  far  as  you  can  do  so  accurately. 
Write  the  information  on  a  separate  sheet 
of  paper,  or  on  the  back  of  this   sheet. 

The  women's  questionnaire  so  close- 
ly resembled  the  men's  that  it  need  not 
be  reproduced  here. 

Table  2  shows  the  total  number  of 
alumni,  the  number  living,  and  the 
proportion  f)f  questionnaires  filled  out 
and  returned. 

Before  ])roceeding  to  a  critical  anal- 
ysis of  the  marriage  and  birth  rates  a 
glance  at  some  of  the  raw  data  may  be 
of  interest.  These  are  presented  in 
Table  3. 

The  discrei)ancy  between  the  total 
number  of  individuals  listed  in  Table 
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3  (number  single  plus  number  mar- 
ried) and  the  number  of  questionnaires 
returned,  as  shown  in  Table  2,  is  due 
to  the  fact  that  the  information  con- 
cerning only  the  marriage  of  some  de- 
ceased graduates  was  furnished  on 
many  questionnaires,  and  this  infor- 
mation has  been  incorporated  in  the 
columns  "Number  single"  and  "Num- 
ber married"  of  Table  3.  Other  appar- 
ent discrepancies  in  the  number  of 
persons  listed  in  Table  3  are  due  to 
the  fact  that  the  ages  at  graduation  or 
marriage  of  many  persons  were  not 
given.  Information  concerning  many 
individuals  was  fragmentary. 

It  is  evident  that  during  the  three 
decades  the  per  cent  marrying,  the 
age  at  graduation,  and  the  age  at  mar- 
riage remained  fairly  constant  for  both 
the  men  and  the  women.  The  low 
average  age  at  marriage  for  the 
women  in  the  classes  of  1873-1879.  as 
well  as  the  great  fluctuations  in  the 
percentages  of  childless  married  wom- 
en graduates,  may  be  due  to  the  small 
number  of  families  concerned. 

Before  indicating  the  conclusions 
which  logically  follow  from  the  analy- 
sis of  the  data,  it  is  necessary  to  con- 
sider some  of  the  data's  limitations 
and  peculiarities. 

(1)  The  number  of  individuals  dealt 
with  is  small.  Consequently,  the  con- 
clusions arrived  at  are  of  general  sig- 
nificance only  when  considered  in  con- 
nection with  researches  among  gradu- 
ates of  other  colleges,  and  among 
other  sections  of  society. 

(2)  Sometimes  it  was  not  clear 
whether  the  number  of  children  indi- 
cated included  deceased  children.  The 
data  on  children  in  such  questionnaires 
were  not  used  in  the  following  com])U- 
tations. 

(3)  The  age  of  the  wife  in  many 
cases  was  less  than  45  years.  Women 
under  that  age  may  have  more  chil- 
dren. Only  sixteen  wives  were  less 
than  40.  Thirty-one  ranged  in  age 
from  40  to  44.  .As  will  be  evident 
later,  two  series  of  computations  were 
made :      one      including      all      families 


whose  total  number  of  children  to 
date  was  ascertained,  and  another 
using  the  same  data,  though  excluding 
all  families  which  may  still  produce 
more   children. 

(4)  The  554  living  graduates  form 
a  group  which  has  survived  thus  far 
the  ravages  of  disease.  They  are 
doubtless  much  healthier  on  the  aver- 
age than  their  1<S0  colleagues  ('34.5 
per  cent  of  the  individuals  of  the 
period  studied)  who  are  deceased. 
Beir  has  shown  that  long-lived  persons 
have  more  children  on  the  average  than 
short-lived  ones.  Therefore,  the  sur- 
viving seventy-five  per  cent  of  the 
graduates  were  doubtless  more  fecund 
on  the  average  than  the  whole  group 
of  graduates  combined. 

This  view  is  confirmed  in  a  limited 
way  by  the  fact  that  the  mean  family 
size  was  1.07  children  in  the  families 
of  fourteen  deceased  male  alumni. 
The  total  number  of  children  in  each 
family  was  known.  Compare  this  fig- 
ure with  the  families  in  tables  5  and  6. 

About  ninety-four  per  cent  of  the 
married  graduates  (men  and  women), 
whose  children  are  used  in  our  com- 
pilations, are  living.  Hence  the  fecund- 
ity of  the  married  individuals  who 
returned  the  questionnaires  has  doubt- 
less, like  that  of  the  living  alumni  in 
general,  been  higher  than  for  the 
whole  group  of  graduates,  living  and 
dead.  This  fact  should  be  kept  in 
mind. 

The  deaths  have  naturally  been  re- 
latively more  numerous  among  the 
earlier  graduates  ( 3(S  per  cent  for  the 
])eriod  IS7()-1SS4)  than  among  the 
later  (IT  i)er  cent  for  the  period  1885- 
1S!M)).  The  fact  that  the  number  of 
children  per  capita  is  larger  in  the 
earlier  i)criod  than  in  the  later  (see 
Tables  5  and  (5 )  is  doubtless  due  in 
part  to  the  more  highly  selected  con- 
dition   of    tiie    earlier    group. 

There  is  no  reason,  however,  for 
suspecting  tiiat  those  who  returned  the 
f|uestionnaires  are  any  more  or  any 
less  vigorous  jjhysically  than  those, 
still   living,  who  did  n(»t  return   them. 
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(5)  It  is  probable  tbat  those  who 
filled  out  the  blanks  are  more  inter- 
ested, in  general,  in  children  than  those 
who  did  not.  A  person  whose  inter- 
est in  children  has  never  been  very 
great  might  frequently  disregard  such 
a  questionnaire  as  unimportant.  Such 
people  are  not  as  likely  to  have  off- 
spring as  those  who  are  interested  in 
children.  Therefore,  there  is  reason 
for  believing  that  the  number  of  chil- 
dren per  capita  reported  is  larger 
than  it  would  have  been  had  the  whole 
group  of  living  graduates  returned  the 
questionnaires. 

(6)  A  determination  of  the  number 
of  children  per  graduate  would  have 
to  be  based  on  a  group  selected  in  such 
a  way  as  to  have  nearly  the  same  per- 
centages of  married  and  unmarried 
persons  as  in  the  alumni  body  as  a 
whole,  if  the  determination  were  to 
present  accuratelv  the  facts  for  the 
latter.  The  Alumni  Register  for  1921 
shows  that  56.9  per  cent  of  all  the 
women  graduates  in  the  period  1870- 
1899  were  married.  The  percentage 
of  married  women  (excluding  those 
whose  complete  family  size  to  date  was 
not  given)  in  the  data  derived  from 
the  questionnaires  was  56.2  per  cent. 
When  all  the  women  reported  in  the 
questionnaires  (52  married  and  32 
single)  are  considered,  the  percentage 
of  married  is  61.9  per  cent.  This 
shows  that  the  ratio  of  married  to  un- 
married women  in  our  sample  is  not 
far  from  the  corresponding  ratio  for 
the  whole  group  of  graduates.  It 
establishes  a  strong  presumption  that 
a  similar  relation  would  be  found 
among  the  men  if  we  had  the  means 
(which  we  do  not)  of  determining  the 
ratio  between  all  the  married  and  un- 
married men. 

The  numerical  representativeness  of 
our  sample  is  also  indicated  by  the  fact 
that  the  percentages  of  men  and  women 
who  filled  out  questionnaires  are  almost 
the  same  as  in  the  whole  alumni  body 
of  the  period  studied.  The  percentage 
of  men  is  89.1  in  the  group  return- 
ing the  blanks,  and  87.1  in  the  Alumni 


Register,  for  the  i)erind  l.S7()-1884. 
The  correspf)nding  percentages  of  men 
for  1885-1899  are  77.7  and  76.6. 

In  conclusion,  the  sample  studied  has 
doubtless  been  somewhat  more  pro- 
lific on  the  average  than  all  the  gradu- 
ates from  1870-1899,  and  then  the 
living  group  as  a  whole.  It  is  repre- 
sentative as  far  as  concerns  the  ratios 
between  the  sexes,  and  married  and 
unmarried  women  (probably  men  too). 
We  are  now  ready  for  an  analysis 
of  the  facts  in  the  light  of  the  fore- 
going criticisms.  The  general  con- 
clusions may  be  summed  up  in  the 
answers  to  three  questions. 

a.  Has  the  marriage  rate  signif- 
cantly  decreased? 

b. "  Has  the  birth  rate  diminished 
significantly  ? 

c.  Has  the  group  produced  enough 
children  to   replace   itself? 

a.  The  marriage  rate  has  not  sig- 
nificantly decreased,  either  for  the 
men  or  the  women.  See  Table  3. 
Neither  has  there  been  any  radical 
change  in  the  age  at  marriage.  The 
data  for  formulating  the  "Per  cent 
married"  column  for  the  men  in  Table 
3.  were  derived  from  the  question- 
naires. The  Alumni  Register  for  1921 
does  not  indicate  which  men  are  mar- 
ried. The  Register  does,  however,  dif- 
ferentiate married  from  single  women. 
The  data  for  the  women  in  this  column 
were  derived,  therefore,  from  the 
Register.  About  ninety  per  cent  of  the 
men  and  fifty-six  per  cent  of  the 
w^omen  are  married. 

Doubtless  the  difference  in  the  mar- 
riage rates  between  men  and  women 
is  partly  due  to  a  desire  on  the  part 
of  many  of  the  women  to  enter  upon 
a  career,  rather  than  to  accept  oppor- 
tunities   for   marriage. 

In  only  one  case  (between  men  of 
the  second  and  third  decades)  does 
the  diff'erence  between  the  percentages 
of  married  men  or  women  in  succes- 
sive decades  exceed  the  probable  error 
of  the  difference.  In  that  instance  the 
ratio  of  the  difference  to  its  probable 
error  is  1.07.     It  is  evident  that  these 
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data  do  not  show  any  significant  de- 
crease in  the  marriage  rate. 

b.  There  has  not  been  a  statistical- 
ly significant  decHne  in  the  birth  rate 
among  the  male  graduates  concerning 
whom  adequate  information  was  fur- 
nished by  the  questionnaires.  The 
total  number  of  married  women,  the 
sizes  of  whose  families  were  definitely 
determined,  was  so  small  that  com])ari- 
sons  of  the  birth  rates  in  their  fami- 
lies have  little  value.* 

Table  4  shows  the  average  num- 
ber of  children  per  male  graduate 
and  per  married  male  graduate  by 
five-year  periods.  The  total  number  of 
children  to  date  was  ascertained  for 
each      of     the      families      represented. 


Doubtless  some  of  these  families,  par- 
ticularly of  graduates  in  the  later 
periods,  are  not  complete  yet,  for  the 
wives'  ages  are  less  than  45  years. 

Table  4  shows  fluctuations  from 
period  to  period,  but  no  clear  evidence 
of  a  general  or  progressive  decrease  in 
family  sizes.  This  conclusion  is  borne 
out  by  the  more  refined  analysis  that 
follows. 

The  data  for  the  men  are  massed  in 
Table  5  in  two  fifteen-year  periods  in- 
stead of  six  five-year  periods.  Here 
again  only  the  families  are  included  in 
which  the  total  number  of  children  to 
date  (deceased  as  u-ell  as  living)  was 
furnished. 

(To  be  concluded  in  June   niiinhcr) 


*  The  full  sizes  of  27  women's  fami'lies  were  ascertained.  The  7  women  graduating 
from  1874-1884  had  an  average  of  2.4  children.  The  20  graduating  from  1885- 189Q  had  an 
average  family  of  1.9  children.  This  comiputation  does  not  include  14  women  who  mar- 
ried male  graduates,  and  whose  children  were  therefore  included  in  the  determination  of 
birth    rates    in   the    men's    families. 
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Taulk    1.     Mi-iital   ratings  mid   avLTUiji-   number   c/    children    in    ten   forcujn-born   groups    in 

the    United  States. 

Average  Mental  Ratings 

Country  ot                    number  of Number  in  United 

r^.irt'h                           children  Percent                  Percent  States,  1920. 

per  wife  D,  D-.  and  E              A  and  B  Census,  1920. 

Poland     6.2  69.9  .5  1,139,978 

Russia      5-4  60.4  2.7  1,400,489 

Italy     4-9  63.4  -8  ^'^l^'l^ 

Norway     47  25.6  41  363,862 

Austria     4-6  37-5  3-4  575,625 

Ireland     4-4  39-4  4-1  ^'?E'^^-^ 

Germany     4-3  i5-0  8.3  1,686,102 

Sweden      42  19-4  4-3  625,580 

Scotland      3-6  13-6  130  254,567 

England    3-4  8.7  197  812,828 

Whole  white   draft  24.1  12.1 

Table   2.     Data    regarding    number   of   Jlleglieny   graduates,   and    number   and    per    cent    of 

questionnaires    relumed. 

Period  of  Total  number  of  Number  of  Per  Cent  Questionnaires  filled 

graduation  graduates  living  graduates         living  out  and  returned 

Men       Women  Men        Women  Men      Women     Percent 

comibined 

1 870- 1 884  229  34  135  28  62.0  82  10  56.4 

1885-1899  361  no  296  95  83.0  174  50  57-3 

1870-1899  590  144  431  ^^3  75-5  256  60  570 

Table  3.     ^farried  and  single  graduates   of  .-Uleglieny   College. 

MEN 

Average  Average  Per  cent* 

Period  of         Number      Number  Percent  age  at  age  at  childless 

graduation  single       married  married  graduation  marriage  marriages 

1870-1879                  5                   57                91-912.4                          23.1  28.1                 150 

36  persons  35  persons 

1880-1889                12                123                9I.I  1  165                       24.2  31-5                13-5 

98  persons  SS^persons 

1890-1899                19                148                88.61  1.66                      23.6  29.5                190 

136  persons  130  persons 

WOMEN 

1873- 1879  5*  0^  64.318.6  20.8  23.7  o 

5  persons  3  persons 

1880-1889  25  30  54-5  I  4  5  21.7  28.9  44  4 

23  persons         1 1  persons 

1890-1899  33  42  56.013-8  ^^2-^  -'7-6  21.4 

38  persons         24  persons 

*  The  computation  of  the  percentage  is  based  only  on  those  families  in  which  the  total 
number  of  children  to  date  is  known.  The  families  of  women  graduates  who  married 
Allegheny  men  graduates  are  not  included  in  the   "Per  cent  childless  marriages     of   Women. 

^  Data  taken  from  the  Alumni  Register  for  these  two  columns. 
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Table    4.     Children    per    married    graduate    and    per    graduate. 
Half   Decade  1870-1874     1875-1879     1880-1884     1885-1889     1890-1894     1895-1899 


Children       per      married' 
graduate,      where      the 
total    number    of    chil- 
dren   in    the    family    is 
known. 

Children  per  graduate. 
(This  computation  is 
based  only  on  single 
graduates,  and  grad-  )■ 
uates  in  whose  fami- 
lies the  total  number  I 
of  children   is  known.)  J 


2.4 


2.4 


3-3 


2.9 


2.8 


2.4 


30 


Table  5.     Children  per  married  male  graduate,  and  per  male  graduate   (married  a)id  single.) 

Period  1870-1884  1885-1899 

Children  per  married  male  graduate  where  the  total  num-         80  families  I74  families 

ber  of  children   in   the   family   is   known 2.93  1  .17  2.641.10 

Children    per    male    graduate.      Includes    all    sintjlc    alumni 

reported,   and  all   married   alumni   in   whose   families   the     90  individuals        200  individuals 
total   number   of   children   to   date   is   known 2.60  1. 16  2.301.10 

Table    6.     Rez'ised    table    of    number    of    ehildren    per    male    graduate.* 

Period  1870-1884  1885-1899 

64  families  112  families 

Average  number  of  children   prr   married   male  graduate..  2.95  1  .18  2.71  1  .13 


Average  number  of  children  per  male  graduate. 


70  individuals        126  individuals 
2.70  1  .18  2.41  1  .12 


*  A  final  checking  of  the  original  data  revealed  a  few  com,;)aratively  unimportant 
omissions  in  the  preliminary  report  which  appeared  in  the  program  of  the  American 
Society  of  Zoologists  (1922).  The  inclusion  of  several  families  of  dead  alumni  lowered 
the  average  sizes  of  completed  families  to  those  shown  in  Table  6.  These  families, 
together  with  the  additional  inclusion  of  a  few  second  wives  of  men  graduates,  are 
responsible  for  the  changes  from  the  abstract  in  the  sizes  of  the  parental  groups  and  the 
number  of  children  produced  by  these  groups.     (See  Tables  8  and   10.) 


A  Textbook  of  Gardening 


G.\ri)i:nix(;.  l)y  A.  \'>.  Stout.  Director 
of  Laboratories,  New  York  Botanical 
(]iar(len.  World  Book  Co.,  New 
York.  Wri-l. 

An  elementary  textbook  on  vegetable 
gardening  for  use  in  the  grades.  This 
book  includes  a  chapter  covering  plant 
breeding    and    garden    seeds.      hi    sim- 


])]e  language,  is  given  a  di.scussion  of 
the  develoimient  of  new  varieties  of 
horticultural  ])lants  using  as  illustra- 
tions corn,  tomatoes  and  the  jmmpkin. 
The  material  included  has  been  care- 
fully selected  and  effectively  i)resented. 
It  should  be  welcomed  by  teachers  who 
wish  to  give  children  an  api)reciation 
of   this   side   of    ])lant   life. — (t.    M.    D. 


AN  EAR  OF  PREHISTORIC  MAIZE  THAT 

RESEMBLES  THE  FOSSIL  FORM. 

ZEA  ANTIQUA 

G.  N.  Collins 
Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture 


The    Fossil    Ear 


The    Arica    Ear 


PREHISTORIC  EARS  OF  MAIZE 
FiGURK  1.  The  Arica  ear  was  taken  from  a  prehistoric  grave  near  Arica.  Chile.  The 
fossil  ear  comes  from  Peru,  although  the  exact  region  in  which  it  was  found  is  not  known. 
On  the  right  are  the  butts  of  the  two  ears.  The  ear-stalks  are  so  small  that  the  ears  must 
either  have  drooped  or  been  supported  by  the  surrounding  leaf  sheath.  Nearly  all  of  the 
characters  exhibited  by  these  ears  can  be  duplicated  in  existing  varieties  of  maize— a  re- 
markable demonstration  of  how  little  maize  has  been  changed  since  prehistoric  times. 

WHEN  Zea  antiqua  was  de-  sessing  the  particular  combination  of 
scribed  as  a  new  species  by  characters  exhibited  by  the  fossil  spe- 
Dr.  Knowlton'  it  was  not  cimen.  But  in  view  of  the  great  free- 
found  possible  to  i^oint  to  a  modern  dom  of  recombination  in  the  maize 
variety  of  maize  with  ears  closely  re-  plant  with  respect  to  all  its  characters, 
sembling  the  fossil  ear  on  which  the  including  those  of  the  ear.  no  special 
new  species  was  based.  Although  the  importance  was  attached  to  this  failure 
fossil  ear  presented  no  new  characters,  to  find  a  modern  ear  duplicating  the 
no    modern  '  variety    was    known    pos-  fossil  ear  in  every  particular." 

^  KxowLTOX    F.  H.     Description  of  a  Supposed  New  Fossil  Species  of  Maize  from  Peru. 
Joiirl.  Wash,  Acad.  Sci.,  Vol.  ix.  No.  5.  PP-  134-136.  March  4.   IQIQ-  ^,  ,         ^. 

-CoLLixs.  G.  N.     .\.  Fossil  Ear  of  Maize.     Journal  of  Heredity.     Vol.  x.  No.  4,  pp.  1.1- 

172,    April.    1919. 
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The  close  relationship  of  Zca  antiqua 
with  modern  or  recent  types  of  maize 
is  now  demonstrated  by  the  discovery 
of  a  beautifully  preserved  ear  in  a 
grave  near  Arica,  Chile.  The  Arica 
specimen  is  so  like  the  fossil  ear  that 
if  the  two  specimens  were  contempor- 
aneous they  might  be  referred  properly 
to  the  same  variety.  The  Arica  speci- 
men was  unearthed  by  Colonel  John  W. 
Gulick  and  came  to  my  attention 
through  the  kindness  of  Miss  Caroline 
Rumljold.  Colonel  Gulick  kindly  has 
])repared  the  following  statement  of  the 
conditions   under  which   it   was    found : 

The  car  of  "maize"  was  found  by  me 
in  an  Indian  grave  or  tomb  in  1913  at 
Arica,  Chile,  formerly  a  tpart  of  Peru.  My 
work  in  Chile  was  in  connection  with  her 
Coast  Defenses  and  in  mounting  a  num- 
ber of  6-inch  guns  on  the  "Morro"  of 
Arica  (a  cliff  rising  about  250  meters  out 
of  the  sea),  it  was  necessary  to  take  the 
guns  up  by  means  of  a  zig-zag  track  of 
light  rails  laid  on  the  land  side  of  the  cliflf. 
During  these  operations  we  ran  into  a  large 
group  of  graves  or  tombs  which  were  in 
an  excellent  state  of  preservation  due  to 
the  climatic  conditions  and  the  presence  of 
crude  nitrate  in  the  soil.  .'Ks  you  are  doubt- 
less aware,  this  is  an  extremely  arid  area. 
The  Chilean  soldiers,  knowing  that  I  was 
interested  in  the  history  of  the  ancient- 
people,  assisted  me  in  securing  quite  a  col- 
lection of  pottery,  implements,  toys,  fabrics, 
etc.,  from  these  tombs.  Each  body  was 
provided  with  a  bag  which  contained  a 
collection  of  small  pots  or  vessels  for  food 
or  drink.  In  some,  quantities  of  cocoa 
leaves  or  "mate"  would  he  found. _  The 
car  of  "maize"  was  found  in  one  of  these 
bags. 

The  country  about  Arica  has  prac- 
tically no  rainfall,  and  maize  is  not 
now  grown  in  that  region.  Remains  of 
irrigation  works  indicate  that  streams 
arising  in  the  mountains  formerly  were 
diverted  and  used  for  the  growing  of 
crops. 

'i'he  Arica  car  (see  Figs.  1  and  2). 
is  somewhat  smaller  than  the  fossil, 
which  is  incomplete,  but  presents  prac- 
tically the  same  characteristics.  It 
has  small,  pointed  grains,  irregularly 
disposed     in    ai)proximately    20    rows. 


The  grains  are  borne  over  tha  entire 
base  of  the  ear  which  is  somewhat  en- 
larged as  in  the  fossil  and  the  ear 
stalk  must  have  been  extremely  slen- 
der. Existing  varieties  with  such 
small  grains  usually  have  an  endosperm 
that  is  alniost  completely  corneous  and 
are  classed  as  pop  corns.  Unless  age 
has  changed  the  nature  of  the  endo- 
sperm, however,  the  prehistoric  ear  is 
not  a  pop  corn,  for  the  seeds  now  are 
filled  with  soft  starch,  the  starch  grains 
being  spherical.  We  never  before  have 
seen  a  variety  of  soft  corn  with  seeds 
so  small  as  those  of  the  Arica  and  the 
fossil  ears. 

An  examination  of  the  endosperm 
of  the  maize  from  .Arica  was  made 
by  Dr.  E.  H.  Toole,  who  found  it  to 
be  true  starch,  staining  blue  or  purple 
with  iodine. 

Since  the  fossil  ear  undoubtedly 
represents  the  earliest  type  of  maize  of 
which  we  have  knowledge,  it  may  be 
of  interest  to  examine  the  type  as  in- 
terpreted by  the  .Arica  specimen  and 
call  attention  to  such  characters  as  may 
be  considered  primitive. 

Si:^c :  The  Arica  specimen,  which  is 
somewhat  smaller  than  the  fossil  ear, 
also  is  smaller  than  the  ears  of  any 
commercial  variety  except  some  of  the 
]>o|)  corns.  Commercial  varieties  with 
small  ears  have  also  small  plants,  a 
general  reduction  in  size  having  accom- 
])anied  selection  for  earliness.  Many 
of  these  small  varieties  are  very  ef- 
ficient and  ])roduce  a  large  amoimt  of 
grain  in  ]:)roportion  to  their  total 
weight. 

Small  ears,  therefore,  may  not  be 
considered  primitive  unless  they  are 
borne  on  relatively  large  plants.  There 
is  at  least  f)ne  variety  from  IVru  with 
ears  as  small  as  the  .\rica  si)ecimen 
and  with  jilants  over  two  meters  in 
height.' 

Sluif'c :  The  tapering  form  of  the 
car  is  ])crhaps  a  primitive  character, 
since   in   this   rather  extreme   degree   it 


"An  ear  of  this  variety  is  shown   natural   size  as   Xos.   .'>  and   '>   of   I'ig.   7.     Jnunial  of 
Heredity,  Vol.  x.  No.  4.  p.  171.  .April,   igig. 
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THE  ARICA   EAR   AS   FOUND   IN   A 
PREHISTORIC  GRAVE 

Figure  2.  The  grave  was  excavated  in 
the  face  of  a  clifif  on  the  coast  of  Chile,  in 
a  region  where  no  maize  is  grown  today  be- 
cause of  extreme  scarcity  of  water.  Re- 
mains of  irrigation  works  indicate  that  the 
ancient  inhabitants  brought  water  for  their 
crops  from  the  distant  mountains.  This  re- 
gion gives  evidence  of  having  been  the  home 
of  a  numerous  prehistoric  people,  but  just 
how  long  ago  they  lived  is  not  known. 
When  the  Spaniards  arrived  the  coast  of 
Chile   was  as   much   a   desert   as   it   is   today. 

is  found  only  in  unimproved  varieties 
grown  by  native  tril)es.  ]\Iany  of  these, 
however,  have  ears  fully  as  tapering 
as  in  the  prehistoric  form.  ( )n  the 
other  hand,  the  rounded  butt  with 
grains  extending  over  the  l)ase  of  the 
ear  usually  is  considered  a  mark  of 
good  breeding.  The  strikingly  small 
ear  stalk  of  both  the  fossil  and  Arica 
specimens  is  a  character  much  de- 
sired in  commercial  varieties  on  ac- 
count of  the  ease  in  .shucking,  and  no 
existing  variety  is  known  with  ear 
stalks  so  slender  as  those  of  the  fossil 
and  the  Arica  specimens. 

Number  of  Rows :  The  large  num- 
ber of  rows  of  spikelets  on  the  ear 
and  the  central  spike  of  the  tassel  is 
one    of    the    most    striking    characters 


that  separate  maize  from  all  related 
grasses.  It  would  be  expected,  there- 
fore, that  a  truly  primitive  form  would 
have  a  small  number  of  rows.  In 
modern  varieties  the  number  ranges 
from  eight  to  something  over  thirty 
but  it  is  not  certain  that  the  eight-rowed 
types  are  more  primitive  or  less  highly 
specialized.  Eight-rowed  varieties  are 
most  common  near  the  northern  limit 
of  the  geographic  range  of  maize  and 
where  they  reappear  in  South  America 
it  is  in  connection  with  the  highly  spe- 
cialized, large-seeded  Cuzco  and  re- 
lated varieties  grown  at  relatively  high 
altitudes. 

The  irregular  arrangement  of  the 
grains  in  both  specimens  makes  it  im- 
possible to  determine  accurately  the 
number  of  rows.  There  are,  however, 
at  least  twenty  in  the  Arica  specimen 
and  probably  twenty-two  in  the  fossil 
ear.  These  numbers  are  well  above 
the  average  of  modern  varieties. 

Arranijcnicnt  of  Grains:  The  lack 
of  regularity  in  the  arrangement  of 
the  grains  may  be  considered  a  primi- 
tive character  if  the  ear  is  assumed 
to  have  originated  by  the  shortening 
and  twisting  of  a  four-rowed  spike. 
But  if  the  ear  originated  through  the 
fasciation  of  lateral  four- rowed 
branches  the  irregularity  must  repre- 
sent a  specialization  of  the  original 
form.  Irregularly  disposed  grains  are 
a  common  variation  in  many  varieties 
l)ut  are  characteristic  of  none  except 
the  sweet  variety,  "Country  Gentle- 
man," where  the  irregularity  is  due  to 
the  development  of  both  of  the  flowers 
of  the  spikelet.  In  the  Arica  speci- 
men only  one  flower  is  developed  in 
the  spikelet. 

Si::c  of  Grains :  The  grains  are 
small  but  not  smaller  than  in  many  va- 
rieties of  pop  com.  Since  the  endo- 
sperm of  the  Arica  specimen  is  com- 
posed of  soft  starch  the  specimen  mav 
not  be  called  a  pop  corn  and  since 
these  specimens  represent  the  smallest 
grains  with  soft  endosperm  the  small 
size  perhaps  may  be  looked  upon  as 
primitive. 
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Shape  of  Grains :  Grains  with  such 
a  pronounced  point  or  beak  are  rather 
unusual  except  in  the  pop  corns.  The 
resemblance  to  pop  corn  varieties  in 
the  shape  of  the  grains  probably  is 
accidental,  a  closer  relationship  being 
with  the  large-seeded,  soft  varieties 
with  beaked  grains  common  in  South 
America.  Although  very  sharp,  the 
beak  is  less  pronounced  than  in  some 
of  the  Bolivian  varieties  and  these 
prehistoric  forms  may  represent  the 
beginning  of  this  specialization. 

There  are  no  characters  of  these 
early  ears  that  suggest  the  pistillate 
spike  of  teosinte,  the  nearest  wild 
relative    of    maize,    more    closelv    than 


existing  varieties  of  maize.  The  small 
ear  stalk,  the  irregular  arrangement  of 
the  grains  and  the  soft  endosperm  as- 
sociated with  small  grains  are  the  only 
characteristics  not  included  in  the  range 
of  modern  varieties. 

While  the  Arica  specimen  may  not  be 
said  to  throw  much  light  on  the  de- 
velopment of  maize  it  serves  to  link 
the  fossil  specimen  more  closely  with 
existing  forms  and  gives  added  proof 
of  the  great  permanence  of  the  germ 
i:)lasm  of  maize.  It  further  emphasizes 
the  fact  that  all  the  important  steps 
in  the  domestication  of  maize  took 
]:)lace  at.  least  as  early  as  the  period 
represented  by  the   fossil  ear. 


Medical  Eugenics 


Die  Pathologisch  -  Anatomisciif.x 
Grundlagen  der  Frauen-Krank- 
HEiTEN,  2-t  Fortbildungsvortracgc 
aus  dem  Gesamtgebiet  der  Gynaek- 
ologie,  by  Dr.  Wiliielm  Lahm, 
Director  of  the  Laboratories  of  the 
^Municipal  Woman's  Clinic  of  Dres- 
den. Pp.  301 ;  71  illustrations.  Price, 
$1.40.  Dresden  und  Leipzig.  Ver- 
lag  von  Theodore   Steinkopff,    ^'^T^. 

The  increasing  prevalence  of  child- 
lessness among  American  married 
women  has  often  been  remarked. 
Frederick  S.  Crum  found  that  the  \wr- 
centage,  in  the  old  nativc-l)orn  stock, 
increased  from  1.8  in  the  last  half  of 
the  18th  century,  to  <s.l()  in  the  decade 
1879;  while  J.' A.  Hill,  analyzing  the 
figures  of  the  11)10  census,  showed  that 
one  in  eight  native-born  wives 
is  childless,  as  C()nii)arcd  with  one  in 
five  negresses  and  one  in  nineteen  of 
the  foreign-born.  Much  of  this  child- 
lessness is  voluntary,  l)ut  an  important 
part  of  it  is  not.  I*' very  reader  will 
know,    in    his    own    circle    of    acquaint- 


;inces.  a  number  of  married  couples 
who  desire  children,  and  who.  from 
a  eugenic  point  of  view,  ought  to  be 
jxirents.  but  are  not.  The  cause  in 
many  cases  is  wholly  a  mystery,  and 
efiforts  to  clear  up  this  mystery  form 
a  very  definite  contribution  to  prac- 
tical eugenics,  just  as  does  all  progress 
of  obstetrical  science  toward  more  pain- 
less childbirth.  Neither  of  these  lines 
of  research  has  received  as  much  at- 
tention as,  from  a  eugenic  point  of 
view,  it  deserves,  but  in  recent  years 
a  number  of  competent  men  have  pub- 
lished books  throwing  some  light  on 
the  causes  of  childlessness;  the  work 
under  discussion  is  an  admirably  or- 
ganized and  clearly  written  one.  \\'hile 
the  study  of  sterility  in  the  male  is 
relatively  simple  and  easy,  gonococcus 
infection  being  the  usual  cause,  investi- 
gation of  barrenness  in  the  female  is. 
for  obvious  reasons,  exceedingly  com- 
plicated and  diftkult.  Fvery  step  for- 
ward in  this  investigation  should  be 
welcomed  by  cugenists.  — P.   P. 


COLORS  OF  SHORT-HORN  CATTLE 


Analysis  of  Genetic  Factors  Underlying  Color  Inheritance  In  Short- 
Horn-Cattle 

RUSSKLL   W.    Die  K 

Aiiiiihil  II itshandry  Prf^nrtiiiciil .  Syracitsc    Unn-crsity 

T()     WRrri'^    a    (k'tinite     fonnula      cnuld  l)c  classified  either  as  roan  or  as 
that  would  tit  all  cases  of  Short-      red-and-white  (see  Fig.  S.) 
Horn    color    inheritance    is    very  Secretary  P.  K.  Groves  of  the  Amer- 

difficult.      The    prohlem    is    com])licated      ican   Short-Horn    I'reeders'  Association 
by  the  number  of   ditYerent   recognized      states  that  the   rule  of   the  Association 

is  to  call  all  cattle  roans  if  there  is 
roan  coloring  on  any  part  of  the  body. 
According  t(j  Darwin",  the  wild  white 
cattle  of  Europe  did  not  breed  true, 
and      occasionallv      produced      colored 


colors:  red.  red  and  white,  roan,  and 
white.  It  is  also  difficult  to  secure 
accurate  data  from  the  herd  books,  be- 
cause of  the  occasional  blending  of 
these  colors  into  one  another,  thus 
giving  conflicting  ideas  of  the  color  in      calves,  although  these  individuals  were 


question.  This  is  influenced  to  some 
extent  by  the  popularity  of  the  color. 
I'lumb'  gives  the  relative  proportion  of 
the  different  colors  of  Short-Horns  at 
two  different  periods,  as  shown  in 
Table  L  The  author  computed  the 
colors  of  part  of  the  animals  registered 


never-  retained  in  the  breeding  herd. 
In  this  resjject  the  inheritance  of  white 
is  different  from  that  in  the  Short- 
Horn.  A  true  whits  Short-Horn  mated 
to  a  true  white  Short- Horn  will  pro- 
duce only  whites.  It  is  true  that  W'ent- 
worth'  presents  cases  of  four  reds  and 


in  the  herd  book  in  1921.     The  records      eight  roans  produced   from  a  cross  of 


of  a  total  of  10,000  animals  were 
studied  and  the  results  obtained  are 
shown  in  the  last  column  of  the  same 
table. 

These  tables  show  the  decreasing 
popularity  of  red-and-white.  The 
gradual  elimination  of  herd  bulls  of 
this  color  is  having  a  considerable  in- 
fluence on  the  total  number  of  red- 
and-whites  registered.  The  increasing 
popularity  of  roans,  and  the  frequent 
selection  of  roan  or  white  herd  bulls 
has  materially  increased  the  number  of 
roans  registered  in  1921  as  compared 
with  those  registered  in  1859  and  191 4. 

In  attempting  to  trace  color  inheri- 
tance from  the  herd  books  one  is  im- 
mediately confronted  by  the  fact  that 
sources  of  error  are  probably  very  fre- 
quent.      Exact    cf)lor    classification     is 


white  on  white  out  of  153  matings. 
However,  this  is  entirely  wMthin  the 
])robable  limits  of  error.  In  tracing 
186  matings  of  white  on  white,  visit- 
ing and  corresponding  with  doubtful 
cases,  no  case  of  true  red,  roan  or 
red-and-white  was  established. 

It  was  also  established  that  red  Short- 
Horn  cattle  breed  true.  In  tracing 
2567  matings  of  this  character  no  case 
of  pure  white  oft'spring  was  estab- 
lished from  true  red  on  true  red.  In 
ca.ses  where  colors  other  than  red  are 
recorded  in  offspring  as  a  result  of 
crossing  red  on  red,  it  will  invariably 
be  found  that  one  or  both  of  the 
parents  were  marked  with  white  or  else 
that  the  oft'spring  is  incorrectly  regis- 
tered. 

The  so-called  "colors"  roan  and  red- 


extremely  difficult ;  occasionally  animals    and     white     of     the     Short-Horn     are, 

'  Plumb,  "Types  and   Breeds  of   Farm   .'\nimals".      (Revised   Edition). 
''Darwin,  "The   \'ariation  of   Animals  and   Plants   Under   Domestication." 
'' Wentworth,  American   Breeders'  Maf/aciiie.     Vol.   IV,   No.  4. 
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REGISTERED  AS  A  ROAN 

Figure  3.  According  to  the  rules  of  the  Short-Horn  Breeders'  Association,  an  animal 
which  exhibits  roaning  on  any  part  of  the  body  may  be  registered  as  a  roan.  Since  this  is 
a  more  popular  color  than  red  and  white,  animals  which  can  be  entered  as  roans  are  gener- 
ally so  recorded.  When  roaning  occurs  on  only  a  small  'part  of  the  body,  as  in  this  case, 
the  animal  is  assumed  to  be  heterozygous  for  the  extension  factor  which  differentiates  the 
roan  pattern  from  the  red  and  white.  This  animal  is  not  of  the  same  genetic  constitution 
as  the  pure  roan  shown  in  Figure  4.     The  pedigree  of   this  animal   is  given  below. 


PEDIGREE  OF  ROSEWOOD  RADIUM  .-.12686— ROAX 


Sire 


Dam 


Radium 

385197    White 


Crestmead    Rosewood 
129176   Red 


^Double    Dale 
)       337156  Roan 
"I  Lady    Fragrant 
^      Roan 


Scottish  Goods 
292932    Roan 

Rosewood  87th 
Roan 


genetically  speakini;,  not  separate  colors 
at  all,  but  are  obviously  a  rearrange- 
ment of  tbe  two  colors  red  witb  wbite 
just  discussed.  Tbe  question  of  an  in- 
dividual becoming  a  roan  or  red-and- 
white  must  tben  dei)end  on  tbe  intro- 
duction of  an  extension  factor,  wbicb 
we  may  designate  by   (R). 

Taking  tbe  red  color  as  tbe  basis 
of  all  combinations  it  can  be  repre- 
sented as  a  definite  color  factor  (R). 
The  total  absence  of  (R)  gives  a  white 


indi\i(lual.  White,  then,  in  Short- 
llorns,  is  not  genetically  sjjcaking.  a 
color,  but  is  caused  by  the  total  ab- 
sence of  (R)  and  can  be  genetically 
represented  as  (r). 

The  low^a  Station*  gives  results  from 
crf)ssing  a  white  Short-Horn  bull  on 
purL'-bred  Cialloway  cows,  with  the  fol- 
lowing results:  Twenty-seven  blue-gray, 
and  one  red-roan.  The  same  bull  on 
grade  (jalloway  cows  |)roduced  twenty- 
six  blue-grav.  one  black    (attributed  to 


*  Jones  and  Eward,  hyxi'a  Research  liullcliit,  Xo.  30. 


NAEMOOR    BRIDEGROOM— A    IkUE    ROAN 

Figure  4.  Animals  "pure,"  for  the  extension  factor,  i.  e.,  those  which  inherit  the 
extension  factor  from  both  parents  show  the  roan  pattern  over  a  large  part  of  the  body. 
The  largest  percentage  of   roans   is   produced  by   crossing   red   animals   and    white   ones. 


Pedgrce  of 


jl/ia^^^r2XHyl 


JUnjt^ 


SiL 


VV^ 


Fn^Jo,     .r^   (JAM^r^ 


3/f/Jf 


//?^tynyyL 


'M^MA^m^m. 


(fUA 


jrtVyn 


^7?W         - 


MslA 


ThxL 


JZpfidL 


^Vir-i/t^L. 


[OAmA^^a^ 
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REGISTERED   AS  RED 

FiciKK  .").  The  presence  of  a  little  white  (Hi  the  belly  and  legs  indicates  that  this  bull  is 
genetically  red-and-white.  but,  since  tlie  former  cclor  i)redominates,  he  is  registered  as  red. 
His  pedigree  is  given  below. 


PKDIGKKK  OF   DI.XMOXD  GOODS  .•^.{.tou— RED 


Sire 


Dam 


Good    Choice 
227852    Roan 


Sweetheart 
i;{«l2:)    Red 


Choice   Good 
18(>S02    Roan 

Silence   2nd 
V-J  5-1 2(1:5    Red 


r  \'ictor  Allan 
J        212201*   Red 
I  Modestv 
*-      Red  ■ 


incorrect  recorrlinji,' ) .  six  red-roan  and 
two  red  calves.  Xo  black-and-white 
individuals  ai)])sared.  As  roans  do  not 
a])])ear  from  crossing,'  ]nire  hiack  on 
])itre  black,  this  niatin<j  indicates  the 
roan  extension  factor  (  Iv )  was  carried 
by  the  white  bid),  and  that  he  was  also 
heterozyous  for  this  factor.  On  the 
basis  of  this  cross  an  assumption  is 
])ossible  that  the   roan  extension    factor 

Wilson,    "Mendelian    Characters    .Among 
Sflc.  11. 


(E)   is  associated  with   white  in   Sliort- 
f  lorns. 

J.  Wilson  assunK'>  that  red  crossed 
on  white  will  always  produce  a  roan. 
This  ajjparently  does  not  hold  true  in 
Sh(irt-liorns.  Whitehall  Sultan,  a  fa- 
n'lous  white  .Short-IJorn  bull,  sired  many 
calves  out  of  red  cows  which  are  re- 
corded as  reds.  These  so-called  reds, 
thoujjh.   are   carriers   of    a    little    white 

Short-Horn    Cattle."      Sci.    Proc.    h'ny.    Dub. 


I  )uck  :  Short-} lorn  Color  Inlicrilance 
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GENETICALLY   PURE   RED 

FiGiKK  <i.  Pure  reds  bred  to  pure  reds  should  always  produce  offspring  of  the  same 
color.  The  contradictory  results  sometimes  obtained  from  using  the  data  contained  in  the 
herd  books  of  the  cattle  breeding  associations  are  caused  by  the  classification  as  red  of  such 
animals  as  that  shown  in  Figure  5.  Genetically  the  two  animals  are  not  the  same,  and  this 
tact  would  be  shown  by  differences  in  the  color  of  their  offspring. 


PEDIGREE  OF  DUKE  OF  GLEXSIDE  813884— RED 


Sire 


Dam 


General    Clay   2.5.j!i20 
Red  and   White 


Lady    Favorite 
634158    Red 


(Imp.) 


t 


Duke    Buttercup 

1(50769  Roan 
Mamie    Clav    2nd 

V48-342    Red    and    White 

r  Coral   Favorite 
'       634157    Roan 
Lady   Grace 
5;l3355  Roan 


and  genetically  are  really  red-and- 
whites.  Tracing  1743  niatings  of  thi.s 
character,  alnio.st  fifteen  per  cent  of 
them  were  registered  as  red-and- 
white  (See'  'I'ahlc  III).  The  logical 
genetic  exjjjanation  for  the  appearance 
of  these  individuals  is  a  heterozv- 
gous  condition  of  the  white  ]>arent 
for  the  roan  e.xtension  factor  (E). 
The    ahsence    of    black-and-white    indi- 


viduals appearing  in  the  Iowa  work 
is  due  to  the  fact  that  the  black  of  the 
(."alloway  acts  differently  than  the  red 
r)f  the  Short-Horn  toward  assuring  a 
l)ied  pattern  in  the  ])henotype ;  this  is 
l)ro])ably  due  to  the  presence  of  some 
inhibiting  factor  associated  with  Gal- 
loway black. 

That  the  red  of  the  Short- Horn  can 
also  carrv  the  roan  extension    factor  is 


A  TRUE  RED-AND-WHITE 

Figure  7.  The  red-and-white  pattern  is  due  to  a  cross  between  the  two  colors  in  the 
absence  of  the  extension  factor,  the  factor  which  produces  roaning.  Of  late  years  this 
pattern  has  lost  favor  among  cattle  raisers. 


PEDIGREE  OF  AUGUSTA   STAMP  92067G— RED  AND   WHITE 


Sire 


Dam 


Regal    Stamp 
396730  White 


Sultan    Stamp 
334974    White 


Autumn    Rose 
VC8-709   Roan 


Augusta    11  nth 
121392  Roan 


Lord    Lancaster 
270685    Red 


Whitehall    Sultan 
163573    White 


Rachel's  Daughter  (Imp.) 
V62-747    Rcan 


Good    Morning 
182755    (dark)    Roan 


Queen    of   the    Herd 
V61-901    Red 


Lord    Mistletoe    228949 
Red,   little  White 


Norwood  .Aupusta 
4th  38087  Roan 


Lancaster 
V46-140 


Pet    (Imp.) 
Red 


Annabclla's     Knight 
224286    Red 


Norwood    Augusta 
38085    Roan 


^  Bapton  Sultan 
J  163570  Roan 
]   Baipton    Pearl 


2nd      / 


V48-368    Roan 
Daybreak 

182751    Red 
Dollv 

V47-415ERoan 
Joy    of    Morning 

1 53003    Roan 
Vain    Belle    2nd    (Imp.) 

V46-168    Red 
Sovereign 

157380    Red 
Cherry    Grove    Queen 
V49-857    Red 

Lovat    Champion 

157617    Red 
Mistletoe    3rd 

V4  5-434  E     Roan 
Scottish     Emblem 

144668  Red  and  White 
Lancaster     I'ame 

V45-402E     Roan 
Crescent     Knight 

180433  Roan 
Annabella     ( Imp.) 

V47-102     Red 
Crescent     Knight 

180433  Roan 
Augusta     1()5th     (Imp.) 

\'47-102  Red  and  White 


NEWTON    CHAMPION— A    WHITE    SHORTHORN 

Figure  8.  Red  in  Short-Horns  is  the  only  basic  color,  and  white  appears  to  be  due  to 
total  absence  of  red.  Red-and-white  and  roan  individuals  are  the  result  of  the  red  color 
factor  being  in  heterozygous  or  dilute  condition. 


PEDIGREE  OF  XEWTOX    CHAMPION   650059— WHITE 


Sire 


Dam 


Grand  Champion 
616773  Roan 


Champion   of    Scot- 
land 387167  Roan 


Golden  Wreath   17th 
V57-593E  Roan 


Newton  Crystal 
340775   White 


Nellie  8th 
614634  Red 


Willie   Campbell 
646486  Red 


Opal  Stone 

340776  Roan 
Chrystaline 

V49-562E   Roan 
Baron  Lavender 

387164   Roan 
Nellie   6th 

614633  Red 
Royal  Victor 

93286  Roan 
Pride  of  Rothes 

803957   Red 


Newton  Molly  2nd 
650063   Roan 


Newton   Crystal 
340775   XA'hite 


Lady   Molly 
650062   Red 


Opal  Stone 
340776  Roan 


Chrystaline 

V49-562E  Roan 


Corner  Stone 
150676  Roan 


Ladv   Madge 
650060    Red 


,  Spion   Kop 
Briar   Bud  J       266466  Red 

V57-593E  Roan     |  Golden  Wreath  7th 
*-      V46-409E  Roan 

Corner  Stone 

150676    Roan 
Orchid   Blossom 

\'45-468E  Roan 
Crystal    Star 

340772  Roan 
Ladv   Fragrance  9th 

V49-8222E  Red 
Touchstone   149631 

Red  and  White 
Butterscotch 

V41-395E  White 
^  Lord  Chamberlain 
J       342978   Roan 
1  Lady    Maud 
*-      650061  Red 
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unquestionably  proven  l)y  the  results 
obtained  from  the  various  matings  in 
Table  III.  The  question  logically 
arises,  why  w^ill  a  cross  between  red 
and  black  produce  no  roans  ?  The 
reason  is  apparent  when  it  is  considered 
that  red  anfl  black  are  genetically,  as 
well  as  practically,  true  allelomorphs, 
resulting  in  complete  dominance  of 
black  in  the  heterozygote.  Which  in 
turn  will  separate  out  in  the  second 
generation  in  the  definite  ]\lendelian 
ratio  of  three  dominants  to  one  reces- 
sive. This  has  been  proven  too  often 
to  need  further  discussion.  It  will 
serve,  though,  to  show  that  the  red  of 
the  Short-Horn  may  be  often  associated 
with  the  roan  extension  factor  (E), 
l)ut  its  presence  will  not  be  proved  as 
it  will  not  be  brought  to  light  in  the 
phenotype. 

Many  of  the  ajjparent  contradictions 
which  occur  in  the  various  color  mat- 
ings of  Short- Horns  can  be  eliminated 
if  it  is  assumed  that  red-and- white  in 
the  Short-Horn  is  not  caused  by  the 
introduction  of  an  extension  factor  en- 
tirely different  from  roan  (E).  but  is 
really  produced  by  the  total  absence  of 
E  and  can  be  represented  as  (e).  When 
this  occurs  in  the  presence  of  a  hete- 
rozygous condition  for  red  (R)  a  red- 
and-white  animal  is  produced. 

A  logical  l)asis  has  now  been  estab- 
lished for  assuming  genetic  formulae 
for   tlu'    various    ])henotypes,    viz: 

r  RRee 
Red=  -    RREE 
I  RREe 


The  average  mathematical  possibili- 
ties of  segregation  from  all  possible 
mating  combinations  are  given  in  Table 
III. 

Apparent  Contradictions  Explained 

Apparent  contradictions  are  not  so 
great  as  would  seem  at  first  glance  ;  a 
comparison  of  theoretical  possibilities 
with  actual  recorded  results  are  given 
in  Table  111.  It  is  obvious  that  the 
greatest  source  of  error  is  the  registra- 
tion of  red  indixiduals.  The  recording 
or  twelve  per  cent  red-and-white,  three 
l)er  cent  roan  and  one  per  cent  white 
from  this  mating  is  sufficiently  close  to 
the  theoretical  possibilities  to  be  within 
the  limits  of  probable  error.  One  or 
both  the  parents  in  these  cases  must 
have  been  genotypically  red-and-white, 
but  the  ]mttern  in  the  phenotype  showed 
so  great  a  ]M-eponderance  of  red  that 
the  individual  was  recorded  as  a  red 
(see   Figure  5). 

The  appearance  of  such  individuals 
as  Rosewood  Radium,  which  shows  a 
phenotype  carrying  both  roan  and  ])ied 
pattern,  can  be  explained  by  assuming 
they  have  a  genetic  makeup  of  (RrEe), 
witii  respect  to  the  colors  in  question. 
A  true  roan  of  the  genetic  form 
(RrEE)  is  shown  in  Figure  4.  On 
this  hyi)()thesis  if  mated  to  (RrEE) 
he  would  sire  no  true  red-and-whites 
of  the  formula   (Rree). 

Theoretically  a  true  red-and-white 
(Rree)  such  as  is  shown  in  l-'igure  7. 
cros.sed  on  ( Rree )  cows  will  produce 
no  roans.  Actually  between  five  and 
ten  per  cent  roans  are  recorded  as  re- 
sulting from  matings  of  red-and-white 
f)n  red-and-white.  This  is  possible, 
when  it  is  consider.xl  that  animals  hav- 
ing the  zygotic  formula  (RrEe)  may  be 
recorded  as  red-and-white.  Matings  of 
(RrEe)  and  (Rree)  would  allow  theo- 
retical possibilities  of  twenty-five  i>er 
cent  roans.  In  figuring  the  percentages 
in  Table  II  no  allowance  could  be 
made  for  this  ])robal)!c  source  of  error. 

"RrEe  is  u.sually  recorded  as  roan,  as  the  .'XiiKrican  Slmrt-Honi  .Association  ruli-s  that 
an  individual  may  be  recorded  as  a  roan  if  roaninjj  appears  on  any  part  of  the  body.  How- 
ever, no  doubt   manv   RrKc   individuals  are   recorded  as   red-and-white. 


Roan^ 


White: 


RrEE 


I  RrEe' 


rrEE 

rrEe 

rree 


Red-and-W  liite=  \  Rree 


Duck:  Slii)rl-1  Inrii  Color  Inheriiance 


73 


because  it  would  seem  unlikely  that 
(Rree)  and  (RrEe)  would  occur  in 
equal  ratio.  In  fact,  the  preponderance 
of  data  shows  that  whenever  jjossihle 
(RrEe)  individuals  are  registered  as 
roans  because  of  the  greater  popularity 
of  this  color  over  red-and-white. 
Practical  Aspects 

1.  Tlie  crossing  of  red  on  white 
will  both  theoretically  and  actually  give 
the  highest  i)ercentage  of  roans.  Cross- 
ing roan  on  white  will  give  the  next 
highest  percentage  of  roans.  Red  on 
roan,  red-and-white  on  roan,  roan  on 
white,  and  roan  on  roan  will  all  give 
about  the  same  ])ercentag"e  of  roan 
calves,  approximately   forty  per  cent. 

2.  To  produce  a  strain  of  roan 
Short- Horns  which  will  breed  true  for 
roan  seems  impossible  from  both  a 
practical  and  theoretical  standpoint. 

3.  A  few  isolated  cases  should  not 
be  used  as  a  guide  or  to  draw  conclu- 
sions from.  Several  hundred  cases 
should  be  traced  to  come  to  any  definite 
conclusion. 

4.  Color   pattern    seems    in    no    way 


to  be  correlated  with  sex  in  Short- 
llorns.  A  r.'d  bull  crossed  on  white 
cows  will  ])roduce  as  many  roans  as  a 
white  bull  on  red  cows.  Sufficient  in- 
dividuals to  establish  a  fair  average 
niust  be  used. 

5.  Genetically  there  are  three  kinds 
of  red  and  three  kinds  of  white  Short- 
Horns.  'Ibis  will  account  for  many 
of  the  apparent  contradictions  in  Short- 
Horn  color  mating. 

6.  Pure  red  on  pure  red  will  pro- 
duce only  red.  Pure  white  on  pure 
white  will  produce  only  white. 

7.  \\'hite  in  Short-Horns  is  due  to 
the   total   absence   of   any   color    factor. 

8.  Red  is  the  only  real  basic  color 
in  Short-Horns. 

9.  Red-and-white  is  due  to  a  dilu- 
tion of  the  red  color  factor,  in  the  ab- 
sence of  the  roan  extension  factor. 

10.  Roan  is  not  a  separate  color, 
but  is  a  blending  of  red  and  white  due 
to  the  presence  of  an  extension  factor 
in  the  germ  cells  of  one  or  both  parent 
types.' 


Table   I.      The   irlatizr   proport'wnx   of   the  various   rccoi/niccd   colors   of   Short-Horn    cattle 
in   the   United  States  at   three   different  periods. 
Data    for  the   years    1895-1914,   inclusive,   is   taken    from    Plumb's    Types   and    Breeds   of 
Farm  Animals,  by' permission   of   Professor  C.   S.   Plumb.     That   for   1921   was   compiled   by 
the  author. 

1895-1903  1910-1914  1921 

Color  Number      Percent      Number      Percent      Number     Percent 

Rid  I       4^943n       49.43     II     15.085     I       62.85     II       4.959     I,       49-59 

Red    and    White !       2.748     I       27.48     II       3.540     I       13.93  MM  ii-M 

Roan  I       2,034     I       20.34     II       5,072  21.13  3.532  3>32 

White I  275     I         2.75     II  503     I 2.09     II  395     I 3:95 

"Total — I     10.000     I     100.00     II     24,000     I     100.00     II     10,000     I     loo.oo 

Table  II.     Percentac/e  of  Color  Segregation  in  the  Zygote. 

Red  and 
Red  White        Roan  White 

"^  TRREE  RREE  \  \  \  \ 

,.     Red   X   Red   ::=:  i  RREe     X     RREe     =     I       100  o  0  o 

[  RReo  RRce \ ^ \ 

rRREE  I  '  !  -        I        « 

2.     Red  X  R-.  and  W.  =      ■{  RREe      X     Rree        =  50  25  2^  o 

[RRee \ ! ^ ' 

'The  author  wishes  to  acknowledge  the  assistance  and  co-operation  given  by  the  .^meri- 
can  Short-Horn  Breeder's  As.sociation  through  their  secretary.  P.  K.  Groves.  Also  to  the 
assistance  given  by  Mr.  A.  W.  Lathrop  and  Mr.  Herbert  Comstock,  of  Syracuse  University. 
To  the  many  breeders  and  herdsmen  consulted  the  author  wishes  to  express  his  appreciation 
and     thanks. 
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3.     Red    X    Roan    = 

rRREE 
\  RREe 
1  RRee 

X 

RrEE 

rree 

1        50 

1 

8 

42 

0 

4.     Red  X  White  = 

{ 

0 

25 

75 

0 

5.     Roan  X  R-  and  W.  = 

jRrEE 
iRrEe 

X 

Rree       = 

25 

1 

17 

33 

25 

6.     Roan   X   Roan   = 

rRrEE 
iRrEe 

X 

RrEE 
RrEe 

1 

1       25 

8 

42 

25 

7.     Roan    X   White   = 

j-RrEE 
\RrEe 

X 

rrEE 

rrEE      — 
rree 

0 

7.2 

42.9 

50 

8.   R.  &  w.  X  R.  &  ^^^  = 

rRree 
iRrEe 

X 
X 

Rree        = 
Rree       = 

1        25 
25^ 

50 

25 

0 
25 

25 
25 

9.    R.  &  W.  X  White  = 

J  Rree 

X 

rrEE 

rrEe        = 
rree 

0 

! 

25 

1 

25 

1 

50 

ID.     White  X   \\'hitc  = 

frrEE 
-<  rrEr 
Lrree 

X 

rrEE 

rrEe        = 
rree 

0 

1 

0 

0 

100 

a  Such   individuals  as   Rosewood  Radium   512686   are   probably   of    the   genetic   constitu- 
tion of  RrEe,  with  respect  to  color,  and  could  be  registered  as  red-and-white. 


HUMAN  CUCKOOS  AND  HEDGE  SPARROWS' 

The  cuckoo  lays  its  eggs  in  the  nests  Now.  if  natural  selection  in  regulating 
of  other  birds,  as  we  all  know ;  and  the  fecundity  is,  as  it  were,  only  looking  to 
little  cuckoos  aid  their  unnatural  mother  the  deaths  which  occur  among  adults, 
in  her  questionable  designs  by  shoulder-  we  should  expect  to  find  nothing  un- 
ing  out  from  the  nest  their  still  smaller  usual  in  the  matter  of  egg-laying  among 
foster  brothers  and  sisters.  The  cue-  cuckoos.  But  if,  as  I  have  suggested, 
koo,  moreover,  in  order  to  make  her  fecundity  is  regulated  in  accordance 
own  egg  less  noticeable  when  she  lays  with  the  amount  of  parental  care  avail- 
it,  at  the  same  time  robs  the  nest  she  able  for  the  young,  we  should  expect 
is  invading  of  one  of  its  eggs  and  eats  to  find  the  cuckoo  laid  more  eggs  than 
it ;  thus,  if  I  may  so  describe  it,  getting  the  nightjar  or  any  other  closely  related 
a  free  meal  at  the  public  expense.  The  bird  with  more  respectable  habits.  I 
point  is,  however,  that  these  immoral  confess  that  I  was  pleased  to  find  that 
birds  increase  the  amount  of  care  given  the  cuckoo  may  lay  as  many  as  twenty 
to  each  of  their  young  ones  by  dele-  eggs  while  the  nightjar  lays  only  two." 
gating  the  whole  of  their  responsibili-  It  is  even  more  interesting  to  note  that 
ties  as   parents  to   several   other  birds,  the  number  of  eggs  which  the  cuckoo 

'  Excerpted  from  an  article  by  Major  Leonard  Darwin.  "Observations  on  Fecundity, 
in  the  Eugenics  Review  for  January,    1923. 

''The  evolutionarv  resuUs  of  the  cuckoo  adopting  these  methods  must  have  been  some- 
what as  follows.  The  size  of  the  family  at  first  increased  considerably,  the  size  bemg 
measured  at  the  time  when  the  young  birds  became  independent  of  parents  or  foster 
parents  This  must  have  resulted  in  an  increase  in  the  cuckoo  population.  This  in  turn 
led  to  a  ri.se  in  the  death  rate,  until  the  size  of  the  family,  if  measured  by  the  num.ber 
of  oflfspring  who  them.selves  became  parents,  again  fell  to  two,  no  more  or  no  less ;  that 
is  assuming  the  population  to  become  stationary.  See  The  Cuckoo's  Secret,  h.  Chance. 
Sidgwick  &  Jackson.     1922. 
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actually  does  lay  depends  on  the  num- 
l)er  of  nests  which  are  available,  that  is, 
on  the  amount  of  delegated  i)arental 
care  on  which  she  can  rely.  Again, 
those  fish  which  have  no  parental  cares 
produce  an  enormously  greater  numl)er 
of  progeny  than  do  those  fish  which 
look  after  their  young.  These  facts 
seem  to  confirm  my  theoretical  sug- 
gestions. 

Thus  far,  we  have  been  dealing  with 
theory  and  fact,  and  now  I  ask  you  to 
follow  me  for  a  little  in  the  path  of 
imagination.  Shakespeare,  generally  a 
sound  guide  both  in  fact  and  fancy, 
tells  us  that  the  hedge-sparrow  is  a  bird 
whose  nest  is  often  invaded  by  the 
cuckoo.''  And  I  cannot  but  wish  that 
Shakes])eare  were  here  to  tell  us  what 
would  hapi:)en  if  the  cuckoo  and  the 
hedge-sparrow  became  as  good  and  as 
wise  as  human  beings.  Would  cuckoos 
see  the  errors  of  their  ways,  and  at 
once  begin  building  their  own  nests? 
That  is  asking  too  much — from  cuc- 
koos. Would  they  perceive  that,  if 
they  in\aded  too  many  nests,  there 
would  be  an  insufficiency  of  hedge- 
sparrows  for  their  ]nirposes  in  the 
distant  future?  I  doubt  it,  for  a  cuc- 
koo will  always  remain  a  cuckoo.  1  hen 
as  to  a  wise  and  good  hedge  sparrow, 
no  doubt  it  would  at  once  ])erceive  that 
the  cuckoo's  egg  was  a  changeling  for 
one  of  its  own.     But  would  this  \irtu- 


ous  bird  think  it  wrong-  to  eject  the 
ugly  intruder?  And.  if  so,  would  she 
limit  the  size  of  her  family  so  as  to  be 
able  to  give  from  the  first  undivided 
attention  to  her  uninvited  foster  child  ? 
I  do  not  know.  I  leave  it  to  you  to 
answer  these  difficult  questions.  And, 
in  conclusion,  I  will  only  express  the 
hope  that,  when  you  hear  the  cuckoos 
singing  in  the  spring,  the  following 
four  questions  may  recur  to  your  minds. 
In  the  first  place,  have  we  not  now 
many  human  cuckoos  living  in  our 
midst ;  that  is.  persons  of  low  morals 
and  poor  intelligence,  endowed  with  the 
natural  capacity  for  producing  large 
families,  the  main  object  of  whose  life 
seems  to  be  to  throw  the  burden  of 
rearing  their  numerous  offspring  on  to 
the  shoulders  of  others?  Have  we  not 
also  among  us  noble-minded  but  mis- 
taken human  hedge-sparrows ;  that  is, 
persons  who.  for  the  sake  of  easing  the 
strain  on  well  develo])ed  but  unscrupu- 
lous human  cuckoos,  are  ready  to  sac- 
rifice all  their  own  chances  of  becoming 
parents  of  children  of  their  own  kind. 
Again,  in  looking  to  the  future  of  our 
race,  ought  we  not  to  consider  quality 
rather  than  quantity.  Lastly,  for  mar- 
ried coui)les  designed  by  nature  for  the 
task,  is  not  one  of  their  highest  duties 
on  earth  to  take  their  i)art  in  peopling 
the  world  with  descendants  hereditarily 
endowed  with  noble  qualities? 


■''  Shakespeare  was  in  truth  a  little  too  hard  on  the  cuckoo. 
"The  Hedge-Sparrow   fed  the  cuckoo  so  long 
That  it  had   its  head  bit   off  by   its  young." 

— Kiiu/    Lciir    I.   4. 
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(iRrxDHiss  I)i:k  .\i.i.(;i:Mr.i.Ni:.\  Zooi.- 
0(;iF.  ITK  Sti'dikkkndf,.  by  Dn. 
Ai.i-KKi)  Kriiiix.  Professor  of  Z(i<i- 
logv  and  Comparative  .\nati>niy  in 
the  University  of  Cjoettingen.  1 'p. 
210.  170  illustrations.  $1.10.  Leip- 
zig,    (icorge  'I'liieme.    I!*".'''. 

']  his    well-organized    introduction    to 
general    biologv    goes    into    some    (leta'l 


on  Mcndelian  heredity,  even  to  the 
point  of  describing  linkage  and  cross- 
ing-over. The  last  section  deals  brietlv 
with  species-building.  After  pointing 
out  that  "jmre  lines"  arc  artificial 
products  (»f  hree(h'iig.  the  author  in- 
sists that  the  species  is  a  "natural 
genetic  unit."'  because  of  the  free 
interbreeding  of  its  members  in  a 
state  of  nature.  — I'.   l\ 


EVOLUTION  OF  COMPOUND  LEAVES  IN 
WALNUTS  AND  HICKORIES 

Variations  Showing  That  Lateral  Leaflets  Correspond  to  Stipules 

of  Bud-Scales 

(  ).   \\  Look 
U.  S.  Pcf^artiiic;it  of  .h/riciilturc,   Uuisltiiififou.  I).  C. 


UNUSUAL  forms  of  leaves,  in- 
termediate l)etween  the  bud-scales 
and  the  normally  developed 
foliage,  occur  in  several  species  of 
luglans  and  Hicoria.  including  Hi- 
coria  pecan,  and  may  throw  light 
upon  the  structure  and  evolution  of 
leaf-forms  in  this  group  of  plants. 
Such  alierrant  leaves  have  been  ob- 
served in  several  localities,  and  ap- 
])arentlv  are  more  frequent  on  trees 
growing  in  rather  imfavorable  condi- 
tions, or  where  the  trees  have  been 
injured  so  that  latent  buds  develop 
out  of  season. 

Reversion  may  lie  defined  as  the 
expression  of  characters  that  normally 
are  latent,  and  such  characters  may 
contribute  to  "bud-mutation"  or  other 
forms  of  vegetative  variation.  Though 
bud-scales  are  reckoned  as  specialized 
leaves,  some  of  the  characters  of  bud- 
scales  may  be  primitive,  as  represent- 
ing earlier  stages  of  foliar  evolution, 
of  the  period  when  the  ancestral  plants 
adapted  themselves  to  seasonal  changes 
that  made  bud-scales  necessary. 

The  study  of  leaf- forms  should  not 
lie  restricted  by  the  idea  that  leaves 
are  mere  api:)endages  of  th::'  stem  or 
axial  system,  as  formerly  assumed  by 
many  writers  on  ])lant  anatomy.  The 
axis  of  the  higher  plants  is  not  a  sim- 
ple structure  Imt  an  aggregation  of 
vegetative  internodes.  each  internode 
representing  a  part  of  a  metamer  or 
structural  unit  of  a  compound  organ- 
ism. Some  of  the  metamers  are  not 
represented  by  vegetative  internodes. 
as    bud-scales,    bracts,    petals,    stamens 


and  i)istils.  The  ])lanL  body  as  a  whole 
is  a  colon V  of  diversified  metamers,  so 
that  each  joint  or  internode  with  its 
leaf  or  leaf-ecjuivalent  is  a  distinct 
morphological  unit.  The  develop- 
ment of  the  plant  is  shown  by  a  suc- 
cession of  internode  individuals  of 
different  forms,  produced  one  from 
another.  The  jointed,  internodal  struc- 
ture of  the  ])lant.  and  the  evolutionary 
significance  of  different  forms  of  leaves 
on  successive  internodes.  were  recog- 
nized clearly  by  Goethe  in  his  poem 
on  the  evolution  of  plants.  pul)1ished 
in    1 790. 

The  modern  evolutionary  study  of 
homology  began  with  Goethe,  who 
connected  the  two  ideas  of  structural 
correspondence  and  community  of  de- 
scent. "The  same  organ."  as  Goethe 
said,  "which  on  the  stalk  has  expanded 
as  leaf  and  taken  a  manifold  diver- 
sitv  of  form,  now  contracts  itself  in 
the  calyx,  expands  again  in  the  petal, 
and  contracts  in  the  sex-members,  to 
expand  finally  as  fruit."  The  need  of 
a  general  word  was  noted,  "where- 
with we  could  designate  this  so  vari- 
ously metamorphosed  organ,  and  com- 
]iare  all  of  the  manifestations  of  its 
form."  Although  Goethe's  view  of 
the  structural  relations  was  condemned 
l)v  som?  botanists  of  the  last  century 
as  a  "wildK-  absurd  theory."  it  now 
is  generally  accejited.  and  such  terms 
as  internode.  metamer  and  ])hytomer 
are  in  use  as  names  for  the  "metamor- 
phosed organ."  In  the  writings  of 
Goethe  the  diversities  of  the  internode 


METAPHANIC     VARIATIONS    OF    HICKORY     LEAVES 

I'lfiURK  9.  Late  shoot  of  hickory,  developed  in  partial  shade  at  Lanhain,  Mary- 
land, in  AuRiist,  1".)22.  with  expanded  hud-scales  functioning  as  leaves.  A  series  of 
ei^ht  intcrnodcs  producing  intermediate  forms  of  leaves,  followed  hy  eight  shorter 
internodcs  with  somewhat  enlarged  hud-scales,  at  the  end  a  young  leaf  of  the  normal 
compound  form,  with  only  the  lowest  pinnae  expanded.  The  last  hud-scale,  standing 
nearly  erect,  is  somewhat  more  leaf-like  than  the  others,  showing  a  larger  blade 
rudiment  and  having  the  lateral  wings  of  the  base  produced  above  into  divergmg 
stipule-like  organs,  which  al.so  aippear  in  more  rudimentary  form  on  the  smaller  or 
more  normal  bud-scales.  The  leaves  have  winged  bases  like  the  bud-scales,  and  some 
of  the  wings  are  produced  above  into  small,  delicate,  transparent,  stipule-like  ap- 
pendages, closely  similar  to  those  of  the  bud-scales,  while  other  leaves  show  larger 
stages  of  development  of  the  stipular  appendages,  including  broad  pinnae  not  unlike 
those  of  the  normal  compound  leaves.     (Natural  size). 


PRIMITIVE    LEAF-FORMS    OF    WALNUT 


Figure  10.  Leaves  from  small  late  shoots  of  "Royal"  walnut  at  Bard,  California, 
September,  1922,  showing  a  range  of  forms,  from  simple  to  compound.  Some  of  the 
smaller  leaves  have  the  base  distinctly  winged  and  with  distinct  stipules,  or  with  a 
stipule  on  one  side  opposite  a  broad  pinna.  At  the  upper  right-hand  corner  is  a 
leaf  with  two  stipules  on  one  side,  with  broad  -pinnae  opposite,  showing  that  stipules 
are  reduplicated  and  are  morphologic  equivalents  of  pinnae.     (Natural  size). 
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members  served  at  once  as  an  illustra- 
tion and  a  proof  of  the  development 
of  divergent  forms  from  the  same  an- 
cestral type.  The  same  idea  of  meta- 
merism vi^as  applied  even  to  the  higher 
animals,  in  comj^aring  the  skull  bones 
with  the  vertebrae. 

Though  tlie  first  thought  in  homology 
is  of  structural  corres]X)ndence.  evolu- 
tion is  the  fundamental  idea.  A  dif- 
ficult or  doul)tful  homolf)gy  involves 
the  idea  of  divergent  j^aths  of  evolu- 
tion, so  far  separated  that  the  present 
diversitv  has  obscured  the  original 
identity.  P)Ut  by  tracing  the  evolu- 
tionary paths  something  may  be  learned 
of  the  original  structure  and  of  the 
intermediate  stages  of  develo])ment. 
For  ])rogress  in  the  study  of  heredity 
as  well  as  in  l)reeding  and  selection, 
it  is  desirable  to  know  the  evolutionary 
status  of  the  characters,  so  that  rever- 
sions and  ])ath()l()gical  abnormalities 
mav  be  distinguished  from  normal  di- 
versities or  progressive  changes  of 
characters. 

TIk'  most  ])rimitivc  forms  of  leaves 
niav  liave  resembled  the  cvlindrical 
sheaths  of  I^(|uisetum.  or  may  have 
arisen  as  ex])anded,  sterilized  stamens, 
which  is  the  usual  interpretation  of  the 
petals  and  sepals.  Different  origins 
may  be  indicated  by  the  completely 
different  ty])es  of  leaves  that  occur 
on  some  i)lants.  as  the  junipers  and 
eucalypts.  It  is  of  interest  to  trace 
corresiKMiding  developments  of  leaf- 
structure  in  the  several  families  of 
])lants  to  see  how  far  such  structured 
corrcs])ondences,  or  homologies,  can  be 
established. 

Two  Primitive  Leaf-Elements 
Instead  of  the  customary  division 
of  the  leaves  of  higher  jjjants  into 
three  structural  elements.  sti])ules. 
])etiole  and  blade,  two  ])rimarv  ele- 
ments may  be  recognized,  the  foot  and 
the     blade.       The     foot     represents     a 


primitive  sheathing  leaf -base  that  en- 
circled the  next  internode,  while  the 
l)lade  is  the  expanded  portion  of  the 
leaf,  so  variously  developed  in  the 
different  families  of  plants.  Stipules 
and  petioles,  in  this  view,  are  sec- 
ondary specializations.  Stijniles  may  be 
considered  as  segments  or  sul)di  visions 
of  the  primitive  foot  element,  while 
]ietioles  ap])arentl\'  are  of  two  or  more 
kinds,  of  different  derivation  and  hence 
not  strictly  homologous.  Soms  petioles 
re])resent  a  narrowed  basal  portion  of 
the  blade  element,  while  others  have 
develoi)ed  by  narrowing  the  terminal 
])ortion  of  the  foot  element.  A  distinct 
joint  or  jjulvinus  at  the  end  of  a 
petiole  may  indicate  the  ])rimitive  ar- 
ticulation of  the  blade  element  with 
the   foot  element.' 

Stipules  on  Bud-Scales 

.\lthough  stii)ules  are  supposed  to 
be  absent  in  the  juglandaceae.  stiimlar 
elements  mav  be  recognized  in  the 
bud-scales,  in  rudimentary  organs  that 
correspond  directly  to  the  lower  pin- 
nae of  the  compound  leaf.  Reasons 
are  found  also  for  viewing  the  other 
lateral  pinnae  as  redui)lications  of  the 
lowest,  stipular  ])air.  so  that  only  the 
terminal  unjiaired  leaflet  is  left  to 
re])resent  the  original  blade  element, 
corresponding  to  the  sim])le  leaves  of 
seedlings  and  to  simple  leaves  of  other 
l)lants.  If  these  homologies  are  cor- 
rectly inferred,  the  evolution  of  com- 
]ionnd  leaves  may  be  traced  in  this 
family,  not  through  cxjiansictn  and  di- 
vision of  sim])le  leaves,  but  through 
dcvelo]iment  and  redu])lication  of  the 
sti])ular  elements.  This  inter])retati<m 
need  not  be  refused  because  in  other 
families  the  stipules  may  have  been 
suppres.sed  or  retained  as  merely  rudi- 
mentary organs.  (Sec  I^'igures  !>  to  14. 
with  cx])lanations  describing  several 
variations.) 


'General  Morphology  of  Leaves.  Journal  Washitif/ton  Academy  of  Scirnccs.  Some 
leaves  may  con.sist  of  an  expanded  font,  with  the  blade  element  entirely  suppressed,  or 
possibly  never  developed.  See  .^rber.  Leaf -base  Phyllodes  among  the  Liliaceae,  Rot.  Gas. 
69:    ii7-      1920. 
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Homologies  of  Stipules  and  Pinnae 

If  the  walnuts  and  hicktjries  had 
only  one  pair  of  lateral  pinnae  the  re- 
lation of  these  to  stipules  might  be 
more  apparent.  It  would  hardly  be 
questioned  that  the  base  of  the  com- 
pound leaf,  below  the  first  pinnae,  coi- 
resfXDnds  to  the  primitive  foot,  or 
sheath  element,  while  the  stalk  of  the 
terminal  leaflet  corresponds  to  the  peti- 
ole of  the  simple  leaves  of  hickory 
seedlings,  or  to  the  petioles  of  some 
of  the  plants  that  have  sim])le  leaves, 
as  the  peach,  plum  and  apple.  The 
correspondence  is  complete  in  the  wal- 
nut and  hickory  bud-scales,  where  the 
leaf-base,  or  foot,  takes  a  broad  sheath- 
ing form,  and  is  still  obvious  when 
lateral  wings  are  shown  in  the  inter- 
mediate forms  of  leaves,  between  the 
bud-scales  and  the  fully  developed 
compound  leaves.  Only  in  the  large, 
adult  forms  of  leaves,  with  the  full 
number  of  pinnae,  are  there  no  traces 
of  stipular  wings  on  the  leaf-base. 
Lubbock  has  noted  the  protection  of 
the  bud  of  the  walnut  by  the  "dilated 
base  of  the  leaf-stalk"  as  a  special  fea- 
ture, but  the  winged  bases  and  stipules 
of  the  bud-scales  and  small  leaves  ap- 
parentlv  were  not  observed.  (See  Fig- 
ures 9,'  10,  and  14.) 

The  lowest  pinnae  of  the  interme- 
diate forms  of  leaves  also  show  special 
relations  with  the  lateral  wings  of  the 
petiole.  In  many  cases,  especially  in 
the  pecan,  the  wings  of  the  leaf -base 
are  wider  above  and  run  out  upon  the 
midribs  of  the  pinnae.  Moreover, 
many  of  the  pinnae  that  ha\e  winged 
midribs  are  cut  away  at  the  base  on 
one  side,  forming  a  characteristic  broad 
notch,  sometimes  strikingly  developed. 
The  basal  portion  of  such  pinnae, 
w^here  the  lower  side  is  cut  away,  may 
also  show  a  strong  curvature,  or  the  en- 
tire lower  pinnae  may  be  curved  down- 
ward, so  that  they  ap])ear  quite  differ- 
ent from  the  others.     ( .*^ec  l-'igure  12.) 

Pinnae  Replaced  By  Stipules 

Pinnae  of  the  intermediate  leaf- 
forms  occasionally  are  replaced  by 
small.      transi)arent.      narrowly-pointed 


organs,  closely  similar  to  those  that  ter- 
minate the  lateral  wings  of  the  ex- 
panded bud-scales.  No  doubt  these 
small  organs  would  have  been  recog- 
nized as  stipules  if  they  occurred  regu- 
larly in  the  normal  leaves,  instead  of 
being  developed  into  pinnae,  and  the 
wings  suppressed.  All  degrees  and 
stages  of  development  are  found  be- 
tween thin,  narrowly-tapering,  thor- 
oughly stipule-like  structures  and  fully 
developed  lower  pinnae,  of  the  same 
size  and  shape  as  the  others.  The 
extent  of  foliar  development  of  the 
basal  organs  seems  especially  variable. 
As  shown  in  Figure  9,  some  of  the 
stipule-like  pinnae  are  very  slender  and 
delicate,  and  these  may  consist  entirely 
of  pale,  semi-transparent  tissue,  or  the 
lower  side  may  be  of  thin,  stipular  tex- 
ture like  the  wing  of  the  leaf -base, 
while  the  upper  side,  above  the  midrib, 
has  a  narrow  or  broad  band  of  green 
tissue,  like  that  of  the  normal  pinnae. 
Replacement  of  pinnae  by  rudimentary 
organs  is  not  confined  to  the  lowest 
pair  as  shown  in  Figure  9,  or  even  to 
the  second  pair,  as  shown  in  Figure  14. 
but  may  occur  wnth  any  of  the  lateral 
pinnae  as  shown  in  Figures  10  and  11. 

Development   of   Compound   Leaves 

With  the  lower  pinnae  thus  appear- 
ing as  homologous  with  stipules,  a  like 
origin  and  development  from  the  prim- 
itive stipular  element  is  indicated  for 
the  other  pinnae,  especially  in  cases  of 
replacement  of  pinnae  by  small  stipule- 
like organs  and  by  more  frequent  oc- 
currence of  basal  emarginations  on 
other  lateral  pinnae,  or  on  all  of  the 
lateral  pinnae,  as  happens  not  infre- 
quently in  the  pecan.  Though  no  in- 
dications of  lateral  wings  have  been 
observed  on  the  joints  of  the  rachis. 
between  the  successive  pairs  of  lateral 
pinnae,  this  is  not  to  be  taken  as  a 
reason  for  supposing  that  the  upper 
pinnae  are  different  from  the  lower, 
in  view  of  the  complete  sujipression  of 
wings  from  the  bases  of  the  adult  form 
of  leaves. 

Supposing  that  the  other  pinnae  arc 
of  the  same  nature  as  the  lowest  pinnae, 


WALNUT  LEAF  WITH  PINNAE  REPLACED  BY  STIPULES 
FidURK  11.  A  latc-growth  leaf  of  "Koyal"  walnut,  at  Bard.  California.  September, 
1922.  with  an  upper  pair  of  pninae  replaced  by  small  stipule-like  organs.  Other  leaves 
of  the  same  tree  showed  other  pairs  f)r  single  pinnae  replaced  in  the  same  way,  in- 
cluding cases  of  the  uppermost  lateral  pinnae  so  replaced,  which  seems  to  prove  that 
the  small  stipule-like  organs  are  structural  equivalents  of  the  pinnae,  and  indicates 
the  possible  derivation  of  the  pinnae  through  reduplication  of  stipules.     (Natural  size). 


LOWER    PINNAE    OF    PERSIAN    WALNUT    LEAVES 

FiGURH  12.  Intermediate  leaf-forms  of  the  Persian  walnut  at  Chico,  California, 
with  the  lateral  pinnae  reduced  in  number  and  of  different  forms.  The  small  leaf  in 
the  middle  has  onlj'  one  pair  of  lateral  pinnae,  and  these  unequal.  The  left-hand 
pinna  of  this  leaf  is  cut  away  on  the  lower  side  for  half  its  length,  while  the  right- 
hand  pinna  has  the  leaf-web  complete  and  of  nearly  equal  width  on  both  sides  of  the 
midvein.  The  lower  pinnae  of  the  left-hand  leaf  are  strongly  curved  and  completely 
one-sided,  with  no  leaf-web  at  all  on  the  lower,  or  proximal,  side  of  the  midvein. 
The  right-hand  leaf  shows  an  even  stronger  curaturc  of  the  basal  pinnae,  but  only 
at  the  base  where  the  wings  of  the  leaf-base  run  out  upon  the  pinna.     (Natural  size). 


84 


The  Journal  of  Hereditv 


the  compound  leaf  of  the  walnut  family 
appears  to  have  been  developed,  not  by 
subdivision  of  the  original  simple  leaf 
but  by  reduplication  of  the  foot  ele- 
ment, with  its  stipular  elements,  to 
form  the  several  joints  of  the  rachis 
and  the  corresponding  pairs  of  pinnae. 
The  number  of  pinnae  is  quite  variable 
in  this  family,  among  the  leaves  of  the 
same  trees,  with  extreme  reductions 
to  one  or  two  pairs  of  pinnae  in  the 
bud-scales  and  small  adjacent  leaves. 
Reduplication  of  stipules  occurs  in 
other  families,  including  the  Malvaceae. 
Some  varieties  of  okra  have  four  or 
more  stipules,  and  the  involucres  in 
cotton  and  related  genera  may  have 
been  developed  through  reduplication 
of  stipules.  Although  the  usual  forms 
of  compound  leaves  do  not  appear  in 
the  Malvaceae,  a  complex  structure 
mav  he  indicated  by  the  radial  lobing. 
In  the  walnuts  and  hickories,  at 
least,  we  are  brought  to  consider  that 
the  major  part  of  the  leaf,  up  to  the 
insertion  of  the  terminal  pinnae  may  be 
derived  from  the  primitive  foot  ele- 
ment, with  only  the  terminal  pinna  and 
its  petiole  representing  the  blade  ele- 
ment of  a  simple-leaved  plant.  Con- 
sidering that  the  blade  of  the  primitive 
leaf  may  have  arisen  as  a  specialized 
median  appendage  or  lobe  of  the  foot, 
the  stipules  may  be  reckoned  as  lateral 
lobes  of  the  same  foot  element.  Thus 
the  foot  would  appear  as  a  single  pri- 
mary element  with  one  median  and  two 
lateral  lobes,  develo])ed  as  blade  and 
stipules.  In  some  families  only  the 
blade  has  developed  foliar,  assimilative 
functions,  in  others  the  stipules  also. 
In  the  walnut  family  the  stipules  as 
well  as  the  median  blade  element  have 
had  a  foliar  deve]o])ment,  no  doubt  at 
first  merely  supplementing  the  blade 
element,  but  eventually  (uer-balancing 
and  replacing  the  blade. 

Nature  of  the  Intermediate  Leaf- 
Forms 

A  general  tendency  in  the  later  evo- 
lution of  the  compound  leaves  is  to 
e^iualize  the  terminal  and  lateral  pinnae. 


The  terminal  pinna,  instead  of  being 
much  larger  and  broader  than  the  lat- 
eral pinnae,  as  in  the  primitive  and  in- 
termediate leaf-forms,  is  reduced  to 
nearly  the  same  size  as  the  lateral 
pinnae.  Indeed,  the  reduction  of  the 
terminal  pinna  often  is  carried  to  the 
stage  of  complete  suppression,  as  oc- 
curs in  some  of  the  pecan  varieties, 
and  in  some  species  of  walnuts,  includ- 
ing Juglans  californica,  the  parent  of 
the  remarkable  "oak"  walnut  mutation. 
In  this  the  terminal  pinna  is  regularly 
developed  and  the  lateral  pinnae  re- 
duced to  two  pairs,  or  replaced  by 
small  stipular  organs  like  those  of  the 
bud-scales.      (See  Figures   13  and   14.) 

When  the  terminal  pinnae  are  re- 
duced to  the  same  size  as  the  others, 
their  only  distinctive  features  are  bi- 
lateral symmetry  and  the  possession  of 
a  petiole,  but  occasionally  the  lateral 
pinnae  also  are  stalked,  as  observed  at 
Sacaton,  Arizona,  in  many  leaves  of 
the  Frotscher  pecan.  This  may  be  con- 
sidered as  a  further  step  toward  equal- 
izing the  jMunae,  with  the  lateral  ])innae 
beginning  to  show  a  character  that  ])re- 
viously  was  confined  to  the  terminal 
pinna.  Likewise,  the  development  of 
the  rachis  by  intercalation  of  more 
nimierous  joints  and  additional  pairs 
of  pinnae  may  be  considered  as  a  re- 
flection or  imitatif)n  in  the  leaf  of  the 
jointed  structure  of  the  stem. 

The  evolutionary  interest  of  such 
equalizing  tendencies  among  the  differ- 
ent i^arts  of  plants  was  first  recognized 
by  Leavitt.  who  considered  such  char- 
acters as  having  been  transferred  from 
one  part  of  a  ])lant  to  another,  by  a 
jiroccss  which  he  called  homoeosis. 
But  if  it  be  sup])osed  that  the  charac- 
ters exist  potentially  in  all  the  parts  of 
a  plant,  the  idea  of  a  transfer  seeius 
unnecessary,  since  the  apjxirent  trans- 
fers may  result  from  changes  in  the 
expression  of  the  characters.  Such 
changes  would  account  not  only  for 
different  degrees  of  expression  but  also 
different  combinations  with  other  char- 
acters. In  the  words  of  East :  "One 
must   realize  that  each  gene  has  many 
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effects  on  the  orj^anisin.  some  of  which 
are  not  easily  discoverable."  This  is 
another  way  of  saying  that  the  problem 
of  expression  of  characters  should  be 
separated  from  the  problem  of  trans- 
mission. The  "eft'ects"  may  be  changed 
by  altering  the  expression-relations  of 
the  characters.  To  designate  such  var- 
iations, that  show  intermediate  stages 
and  combinations  of  characters,  the 
word  meta])hanic  has  been  suggested.^ 

Evolution    Through    Mataphanic 
Variations 

Special  evolutionary  interest  may  be 
claimed  for  metaphanic  variations,  since 
the  development  of  new  somatic  fea- 
tures may  go  forward  through  such 
changes  in  the  expression  of  characters, 
without  the  need  of  supposing  that 
definitely  new  characters  have  been 
formed  in  the  "mechanism  of  heredity," 
which  serves  for  the  transmission  of 
characters.  Since  many  evolutionary 
changes  could  be  explained  by  suppos- 
ing that  characters  already  existing 
have  been  readjusted  or  recombined  in 
their  expression,  fewer  fundamental 
changes  in  heredity  would  be  called  for, 
if  metaphanic  changes  were  recognized. 
No  doubt  many  meta]:>hanic  variations 
are  abnormal  or  degenerative,  as  when 
a  loss  of  specialization  results  from 
parts  becoming  more  alike,  but  some 
of  the  variations  may  be  progressive. 

An  example  of  evolution  that  may  be 
ascribed  to  metaphanic  changes  is  the 
development  of  the  jointed  rachis  of 
the  compound  leaves,  which  may  be 
viewed  as  an  intermediate  expression 
or  partial  reflection  in  the  leaf  of  the 
jointed,  internodal  structure  of  the 
stem.  In  the  course  of  their  develoj)- 
ment,  the  compound  leaves  of  the  wal- 
nut family  have  become  more  stem- 
like or  branch-like,  contrasting  in  this 
respect  with  other  families  where  the 
tendency    is    for    branches    to    become 


more  leaf-like.  In  such  cases  as  Phyl- 
lanthus,  Zizyi)hus  and  Castilla  the 
branches  have  not  only  the  general 
form  of  com])ound  leaves  but  also  the 
temporary  and  deciduous  behavior  of 
leaves,  through  the  development  of  a 
si)ecialized  joint  or  abscission  layer  at 
the  base. 

Cotton,  coffee,  cacao  and  many  other 
])lants  are  like  Zizyphus  in  having  two 
or  more  distinct  forms  of  branches. 
Intermediate  forms  of  branches  may 
occur  in  abnormal  cotton  plants,  and 
such  branches  may  be  completely  sterile 
like  hybrids  of  diverse  species.  In  less 
abnormal  cases  flower-buds  may  be 
formed  at  each  point  of  the  interme- 
diate branches,  but  all  the  buds  are 
aborted  and  shed  before  the  fruiting 
stage  is  reached,  as  in  the  so-called 
"bull-stalks"  of  Sea  Island  cotton. 
Sterilitv,  however,  depends  to  some  ex- 
tent on  the  external  conditions,  since 
a  few  bolls  may  be  set  late  in  the  sea- 
son on  plants  that  have  aborted  all  of 
the  earlier  buds.'* 

]\Ietaphanic  variations  show  that  the 
problems  of  adaptation  are  not  merely 
external,  in  relation  to  the  environment, 
since  there  also  are  problems  of  in- 
ternal adjustment,  or  relations  of  the 
parts  to  each  other.  With  the  princi- 
ple of  metaphany  recognized,  a  wider 
view  is  possible  of  the  relations  of  the 
characters  or  parts  of  an  organism  to 
each  other,  since  parts  or  characters 
of  independent  origin  may  be  com- 
bined or  rearranged  through  metapli- 
anv.  The  metaphanic  variations  show 
a  general  lability  and  interplay  of  the 
characters  in  their  expression  relations, 
which  are  significant  alike  for  hered- 
ity and  evolution. 

Metaphany  may  be  defined  briefly 
as  internal  hybridism,  resulting  in  the 
formation  of  intermediate  structures, 
so  that  specialization  is  reduced  in  the 
sense  that  metaphanic  variations  render 


"  Brachysm,  A  Hereditary  Deformity  of  Cotton  and  OtluT  Plants,  Journal  of  Agricul- 
tural Research,  III.     ,'{87.     February  15,  lOl.^. 

"See,  Causes  of  Shedding  in  Cotton.  Journal  of  Ilcredity.  12:119,  May.  1021.  Also. 
Dimorphic  Branches  of  Tropical  Crop  Plants,  Bui.  108,  Bureau  of  Plant  Industry,  U,  S. 
Department  of   Agriculture,   1911. 


THE  OAK-WALNUT  MUTATION 
Fk.irk  i:!.  The  oak  walnut  is  a  peculiar  luutatitin  of  the  native  California  walnut 
(Juglaiis  Calif  arnica),  so  distinct  from  the  parent  tyi)e  as  to  have  been  described  as 
a  distinct  si)ecies.  Jnf/laiis  qucrciiia.  When  first  discovered  it  was  supposed  to  be  a 
walnut-oak  hybrid,  on  account  of  the  peculiar  shape  and  the  thick  leathery  texture  of 
the  leaves.  (See  Ii.\iuocK.  E.  B.,  A  New  Walnut.  Journal  of  Heredity,  Vol.  \'I,  p.  40). 
Some  of  the  leaves  are  simple  with  only  one  pair  of  lateral  pinnae,  but  most  of  the 
leaves  have  two  pairs  of  pinnae.  The  small  size  of  the  leaves  and  the  reduced  number 
of  pinnae  may  be  exi)lained  by  analogy  with  the  intermediate  or  bud-scale  leaves  of 
other  members  of  the  family,  but  complete  suppression  of  the  normal  compound  leaves 
is  remarkable.  A  variety  of  the  Persian  walnut  has  also  been  described  un<ler  the 
name  Jufilatis  monophylla  to  which  the  California  oak-walnut  may  be  analogous.  A 
tree  of  the  oak-walnut  at  the  U.  S.  Plant  Introduction  Garden  at  Chico.  California, 
bore  a  large  crop  of  ripe  fruits  in  September.  1022.  Many  of  the  fruits  were  twinned, 
mostly  with  separate  nuts,  but  in  some  the  shells  of  the  two  nuts  were  grown  tirinly 
together,  as  shown  at  the  top  of  the  photograph.     (Natural  size). 


LEAF  FORMS  OF  THE  OAK  WALNUT 
Figure  14.  Showing  replacement  of  pinnae  by  small  stipule-like  organs,  which 
occurs  frequently  in  leaves  of  the  oak  walnut.  In  some  ca.ses  both  pairs  ot  pinnae 
are  replaced,  either  bv  simple  stipules,  or  by  slender,  stipule-like  organs  that  serve  as 
pedicels  for  verv  small  pinnae  which  are  ([uite  variable  in  torm  oval,  circular,  or 
cup-like.  The  cup-like  pinnae,  or  "'ascidia,"  apparently  are  formed  by  union  ot  the 
basal  margins  below  the  point  of  attachment  of  the  leafy  portion  of  the  pinna  with 
the  stalk.  Formation  of  these  cup-like  pinnae  may  indicate  a  backward  growth  o 
the  leaf-web,  from  the  apex  toward  the  base  along  the  midx-ein.  Note  th/^  J"^^^^^^^^^^ 
of  these  leaves  one  or  both  of  the  lateral  pinnae  have  united  '"O"-^  ^"^ ^7^,^'?;"^ ^j  h 
with  the  terminal  .pinna  as  in  the  lower  right-hand  leaf.  Also  compare  h.s  leaf  ^^'^'^ 
Figure  9  to  observe  the  close  appro.ximation  with  the  bud-scale  leaves  ot  hickorv. 
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the  affected  parts  less  dift'erent  than 
they  previously  were,  though  such 
changes  may  give  increased  utility  to 
particular  organs,  and  thus  increase 
the  efficiency  of  the  organism.  With 
such  variations  occurring  rather  fre- 
c}uently,  it  may  be  considered  that  the 
adaptive  possibilities  of  the  different 
combinations  of  characters  are  being 
tested  automatically  in  relation  to  the 
environment,  and  that  under  natural 
conditions  the  species  has  the  benefit 
of  any  desirable  modifications  that 
arise.  The  liability  to  metaphanic 
variations  enables  the  species  to  con- 
duct, as  it  were,  a  continual  trying-out 
of  adaptive  possibilities,  not  only  of 
all  of  the  existing  characters,  but  of 
all  of  the  stages  and  degrees  of  char- 
acter-combinations. 

For  purposes  of  evolutionary  study, 
two  kinds  of  metaphanic  characters  or 


expression  relations  may  be  recognized, 
those  that  may  be  considered  as  more 
primitive,  or  in  the  nature  or  rever- 
sions to  earlier  stages  of  development 
when  structures  were  less  specialized, 
and  those  that  may  be  considered  as 
recent  stages  or  of  possible  signifi- 
cance in  future  evolution,  if  successful 
combinations  are  made  of  characters 
not  previously  associated.  While  the 
intermediate  or  bud-scale  leaves  of  the 
walnuts  and  hickories  must  be  con- 
sidered as  reversions  to  more  primitive 
forms,  an  advance  appears  to  have 
been  made  in  building  up  the  compound 
leaves,  by  a  jointed  structure  like  the 
stems  developing  in  the  leaves  and 
branches.  It  is  desirable  to  have  a 
general  name  for  the  intermediate  vari- 
ations while  the  evolutionary  status  of 
such  characters  is  being  determined. 


Meeting   of  the   Eugenics   Research   Association 


The  program  committee  of  the  Eu- 
genics Research  Association  has  set 
Saturday,  June  16  as  the  date  for  the 
annual  meeting  this  year.  As  usual, 
it  will  be  held  at  the  Eugenics  Record 
Office,  Cold  Spring  Harbor,  Long 
Island,   N.  Y. 

Judge  Harry  Olson,  of  Chicago,  will 
deliver  the  presidential  address  on 
"Crime  and  Heredity." 

It  is  announced  tliat  "the  1923 
meeting  will  have  to  decide  several 
important  matters  of  policy,  such  as 
that  of  incorporation,   of   planning  de- 


finite scientific  investigations,  and  the 
cooperative  division  of  the  field  logical- 
ly covered  by  eugenics  societies,  with 
particular  reference  to  research,  on  the 
one  hand,  and  education  on  the  other." 
The  executive  committee  announces 
that  on  February  10  it  "voted  a  small 
stipend  to  Dr.  Harrison  R.  Hunt  to 
aid  in  his  studies  on  'War  and  Eu- 
genics.' This  marks  the  first  official 
ajipropriation  for  specific  research  made 
directly  from  the  treasury  of  the 
socictv." 


TWIN  AND  TRIPLET  PEACHES 

C.  H.  Connors 
New  Jersey  Agrieiiltnral  Experiment  Station,  AVz».'  Briinsiciek,  X.  J . 

THE  OCCURRENCE  of  double  w^  the  spring  of  1922,  opportunity  was 
fruits  on  peach  trees  is  not  given  to  study  the  development  of  niul- 
uncomnion  in  any  season,  but  ti])le  pistils.  All  gradations  were 
certain  seasons  seem  to  bring  forth  found.  The  first  step  appeared  to  be 
larger  numbers.  Blake  and  Connors'  fasciation  of  the  stigma,  then  a  fas- 
reported  the  large  numbers  found  in  ciated  style ;  the  next  gradation  ap- 
the  experimental  orchards  at  Vineland,  peared  to  be  two  stigmas  on  a  fasciated 
N.  J.,  in  the  season  of  191 5.  These  style,  then  two  stigmas  and  styles  upon 
were  not  in  such  large  proportion  as  a  fasciated  ovulary  and  finally,  two 
those  reported  by  Karper."  distinct  pistils.  Very  frequently,  how- 
Multiple  fruits  may  occur  by  two  ever,  one  pistil  is  less  developed  than 
methods,  and  by  combination  of  these  the  other,  and  probably  is  never  pollin- 
two  methods.  The  peach  more  fre-  ated.  resulting  in  either  a  single  fruit 
quently  than  not  sets  three  buds  at  a  or  else  the  pericarp  develops  very  slow- 
node,  two  blossom  buds  with  a  leaf  ly.  resulting  in  some  of  the  odd  forms. 
bud  between.  In  some  cases,  three  and  By  combining  these  two  forms,  a 
four  flower  buds  are  formed  at  a  node,  twin  flower,  one  of  the  members  of 
Frequently,  twin  flowers  are  formed,  which  is  double  pistillate,  might  give  a 
originating  from  a  single  bud  and  upon  triple  fruit  as  well  as  a  single  flower 
the  same  pedicle  (Fig.  15).  The  two  with  three  pistils;  twin  flowers  with 
conditions  are  not  easily  confused.  The  both  members  double  pistillate  might 
stigmas  of  the  twin  flowers  usually  give  quadruple  fruits ;  and  so  on. 
become  receptive  simultaneously,  and  In  the  first  figure  of  the  paper  by 
may  be  pollinated  at  the  same  time.  Karper.  what  appears  to  be  a  quadruple 
Given  normal  conditions  following  pol-  fruit,  judging  by  the  illustration,  is 
lination,  the  ova  will  be  fertilized  and  really  not  a  quadruple  fruit  on  a  single 
the  fruits  will  develop  at  approximately  ])edicle,  but  seems  to  have  been  formed 
the  same  rate,  resulting  in  more  or  less  from  the  usual  three  bud  formation, 
symmetrical  twin  fruits.  in  which  the  blossom  buds  each  devel- 
The  second  method  is  by  multiple  oped  into  twin  blossoms,  resulting  in 
pistils.  As  is  well  known,  peach  bios-  double  fruits,  while  the  leaf-bud  failed 
soms  have  normally  only  one  pistil,  to  develop,  allowing  the  two  double 
but  Figure  1(5  depicts  blossoms  having  peaches  to  come  into  intimate  contact 
one,  two,  and  three  pistils,  and  Figure  in  such  a  way  that  a  quadruple  fruit 
lo  shows  immature  fruits  developed  seemed  to  be  formed, 
from  such  blossoms.  The  writer  has  The  range  in  development  attained 
never  seen  more  than  three  pistils  in  in  double  fruits  is  shown  in  Figure 
the  blossoms  of  the  edible  peaches,  but  IT  in  which  six  specimens  are  shown 
the  ornamental  double-flowered  forms  whole  and  in  section.  It  will  be  noted 
have  from  one  to  six  ])istils.  In  the  that  in  the  case  of  one  fruit,  at  least, 
course  of  emasculating  and  pollinating  the  growth  appears  to  be  purely  vege- 
more  than   10,000  peach  blossoms  dur-  tative.       Possibly    the    ovum    was    not 

'Bl.\ke,    M.    a.,    and    Connors.    C.    H.  Odd    Forms    of    Peaches.      .V.    J.    Stas.    Kept. 
1916,   p.   78. 

-Karper.    R.    E.      Compound    Fruits    of  the    Peach    Resulting    from    Multiple    Pistils. 
Journal  of  Heredity,   xii  :-l02-40(i.      11121. 
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SINGLE,   DOUBLE,   AND   TRIPLE 
PISTILS 

FiGCRK  1()  The  twins  and  triplets 
formed  froin  such  pistils  are  usually  mark- 
edly different  in  size,  as  shown  in  Figure  17. 
The  tri])le-pistilled  flowers  are  shown  at  the 
right  and  left  of  the  picture.  Cine  pistil  is 
considerably    shorter. 

fertilized,  hut  the  fruit  was  able  to  de- 
velop slii;;htly  because  of  its  close  con- 
nection  with  the   lari^er   fruit. 
There  is  consideral)lc  variation  amonir 


TWINS   AND   TRIPLETS 

l-KiiKK  1.").  Twin  i)caches  are  formed 
in  two  ways,  (1)  from  twin  flowers  (center 
row),  and  (2)  from  a  single  flcjwer  having 
twin  pistils.  Triplets  are  produced  either  by 
a  combination  of  these  two  methods — by  twin 
flowers  one  of  which  has  double  pistils  (d 
and  e).  or  by  a  single  flo^vcr  with  three 
pistils  (b  and  c.  top  row).  Flowers  with 
more  than  three  pistils  are  very  rare,  and 
((uadrupkts  are  in  reality  double  twins,  twin 
douhle-pistilled  flowers  producing  the  quad- 
ruple form  (a,  top  row).  On  the  bottom 
row  is  shown  how  twinning  occurs  by  the 
formation  of  a  double  flower.  Normally 
three  buds  arc  formed  at  each  node,  a  leaf 
bud  and  two  flower  buds,  which  oroduce  two 
separate  fruits,  as  at  (a).  Sometimes  a 
double  flr)wer  is  formed  in  place  of  one  of 
the  single  ones.  Twin  peaches  fmm  such 
double. flowers  arc  usually  of  about  the  same 
size,  while  those  from  double  pistils  are  un- 
equal in  development. 

\aricties  in  the  setting  of  these  multiple 
fruits.  Of  the  list  given  by  Karjx^r, 
Mayflower.  Altfui.  Japan  Dwarf  I?l(»od. 
and  Hilcy  belong  to  the  Chinese  Cling 


/>v 


TWIN   FRUITS  ENTIRE  AND  IN   SECTION 

Figure  17.  Fruits  fmm  a  twin  flower  arc  shown  in  tlic  lower  ri^^lit-hand  corner.  The 
five  other  twins  were  produced  by  flowers  with  double  pistils  and  development  has  been  very 
unequal.  In  one  case,  at  least,  growth  of  the  second  fruit  appears  to  have  been  purely 
vegetative. 
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group;  and  in  our  obsarvations  of  150 
to  200  varieties,  the  varieties  of  this 
group  rarely  form  multiple  fruits.  The 
remainder  are  of  the  so-called  Persian 
or  Crawford  group  or  are  inter-group 
hybrids.  In  normal  years,  more  double 
fruits  are  seen  on  varieties  such  as 
Foster,  St.  John  and  other  closely  re- 
lated varieties  of  the  Persian  or  Crav^- 
ford  group,  and  our  observations  show^ 
that  the  majority  of  these  are  probably 


formed  from  twin  flowers  rather  than 
from  single  flowers  with  double  pistils. 
The  causes  of  this  phenomenon  may 
be  many.  The  tendency  seems  to  be 
hereditary  among  a  certain  group  of 
varieties.  The  occurrence  would  seem 
to  be  due  to  environmental  conditions 
and  any  environmental  factor  or  com- 
bination of  factors  which  would  tend  to 
bring  about  doubleness  would  cause 
this  multiplication. 


When  To  Marry 


The  age  at  which  one  should  marry 
presents  a  problem  with  so  many 
sides  that  any  simple  solution  of  it 
is  out  of  the  question.  But  it  is  a 
(juestion  on  which  every  one  holds 
a  definite  opinion;  so  the  Umschau,  a 
German  weekly  devoted  to  popular 
science,  is  likely  to  find  many  con- 
testants for  prizes  aggregating  40.000 
marks,  which  it  ofifers  for  the  best 
brief  essay  on  the  subject.  It  de- 
sires that  the  question  be  considered 
from  the  points  of  view  of  genetics, 
hygiene,  psychology  and  psychiatry, 
either  collectively  or  singly.  Judges 
of  the  contributions  are  Max  von 
Gruber,  Professor  of  Hygiene  in  the 
University  of  Munich,  and  one  of  the 
leaders  of  the  eugenics  movement  in 
Gernianv;    Valentin    liaecker,    a    well- 


known  geneticist  at  the  University  of 
Halle;  and  H.  Bechhold,  of  Frank- 
fort am  Maine,  editor  of  the  Um- 
schau. 

From  I'rance,  at  the  same  time, 
comes  a  })artial  attempt  to  answer  the 
question,  in  a  paper  by  Dr.  Paul 
Godin,  which  occu])ies  the  leading 
position  in  the  second  number  for 
lD2"i  of  EiKjcniqnc,  the  organ  of  the 
French  Eugenics  Society.  Dr.  Godin's 
study,  entitled  "Eugenique  et  Puberte," 
leads  to  the  conclusion  that  on  the 
average,  a  woman  is  physiologically 
ready  for  marriage  at  eighteen  and  a 
half  years,  a  man  two  years  later. 
The  data  on  which  these  conclusions 
are  based  are  far  from  conclusive, 
however. 


Lives  of  Fossil  Animals 


LeBENSBILDER    AUS    DKR    TlERWELT    DKR 

VoRzEiT,  by  C)THENio  Abel,  Pro- 
fessor of  Paleontology  at  the  Uni- 
versity of  Vienna.  Colored  front- 
ispiece and  507  t.xt  figures.  Pp. 
639.  Jena,  Vcrlag  von  Gustav 
Fisher,  'l<J22. 

Paleontology  has  played  an  impor- 
tant i)art  in  forming  the  general  doc- 
trine of  evolution,  and  paleontologists 
have  not  hesitated  to  draw  precise 
crtnclusions  involving  somewhat  de- 
tailed i)oints  of  genetics — ct)nclusions 
which    most    geneticists    have    been    in- 


clined to  challenge,  <in  the  grt)und  that 
the  fragmentary  documents  afforded 
by  fossils  are  not  detailed  enough  to 
warrant  precise  conclusions.  Never- 
theless, every  contribution  from  the 
realm  of  prehistoric  animals  is  wel- 
come to  the  student  of  heredity,  and 
the  lavishly  illustrated  volume  by  Dr. 
Abel  is  particularly  attractive.  The 
author's  plan  is  to  give  a  detailed  de- 
scription of  the  life  of  ten  different 
periods,  regarding  which  the  extant 
evidence  is  fairly  abundant.  Three 
of  the  regions  considered  are  in  the 
I'nited    States.  — !'.    P. 


A  REVIEW  OF  REX'IEWS 

C)i-  Madison  Grant's 
PASSING  OF  THE  GREAT  RACE 


IT  IS  now  six  years  since  the  first 
edition  of  ]Madison  Grant's  "Pass- 
ings of  the  Great  Race"  attracted 
the  attention  of  the  reading  pubhc  to 
discussions  centering  about  heredity. 
and  caused  even  at  its  inception,  as 
scientific  books  go,  considerable  of  a 
sensation.  It  was  violently  attacked. 
It  was  heartily  commended. 

Much  of  this  controversy  was  evi- 
dently emotional  in  its  origin,  and  now 
that  the  Great  European  War  is  a 
thing  of  the  past  it  is  easy  to  see  that 
many  of  the  hostile  reviews  were  actu- 
ated by  a  feeling  that  Madison  Grant 
was  echoing  the  dangerous  Germanic 
theories  of  Gobineau.  Nietzsche,  and 
Houston  Stewart  Chamberlain  and  was. 
perhaps,  hooting  a  little  at  the  then 
popular  slogan:  Make  the  JTorld  Safe 
for  Democracy.  Some  of  the  reviews 
were  evidently  personal  resentments 
from  individuals  not  belonging  to  the 
so-called  Great  Race.  Another  class  of 
criticisms  came  from  scientific  men 
who  deplored  the  absence  of  all  foot- 
notes and  specific  references,  and  felt 
that  this  book,  even  though  it  might  be 
essentially  true,  had  been  written  in  a 
partisan  spirit,  and  that  many  of  the 
detailed  assertions  could  not  be  sub- 
stantiated by  research  data. 

The  present  writer  reviewed  the 
second  edition  in  something  of  the  lat- 
ter spirit,  on  the  whole  favorably,  in 
Science.  October  25th.  1918.  Now  that 
a  new  edition  has  appeared  giving  very 
complete  references  to  authorities,  it 
is  only  fair  to  give  the  book  another 
review.  If  seems  the  references  were 
left  out  intentionally  in  order,  as  the 
author  told  the  present  reviewer,  "to 
get  people  to  read  the  book."  "You 
scientific    men    arc    too    modest.      You 


lumber  up  your  books  with  references 
to  authorities.  The  reading  public  cares 
nothing  for  the  scientific  names ;  their 
eyes  and  minds  are  confused  by  the 
foot  notes.  They  want  to  read  directly 
from   their  author." 

This  seems  to  the  reviewer  to  be 
worth  putting  down  in  print  in  this,  a 
scientific  journal,  since  all  scientists 
have  to  consider  the  art  of  presentation, 
and  naturally  wish  their  researches  to 
be  known,  at  least  to  someone  besides 
themselves.  Scientists  enjoy  foot  notes, 
the  names  mean  everything  to  them ; 
but  ultimately  scientific  knowledge  has 
to  be  presented  to  the  general  public, 
and  it  is  through  just  such  readable  and 
popular  books  as  Mr.  Grant's  that  this 
matter  is  accomplished. 

The  latest  edition.'  seventh  printing, 
fourth  edition,  revised  1921,  contains 
263  pages  of  text  and  176  pages  of 
documentary  supplement,  all  the  refer- 
ences to  authorities  being  placed  in  the 
appendix.  Mr.  Grant  does  not  intend 
to  lose  any  readers  by  stopping  them 
in  the  text. 

By  taking  the  references  one  by  one 
and  turning  to  the  indicated  page  and 
line  the  names  of  the  authorities  can  be 
filled  in.  The  present  reviewer  has 
done  this  for  most  of  the  book,  writing 
the  names  in  pencil  on  the  margin.  It 
appears  that  the  major  portion  of  the 
text  is  supported  on  good  structure  of 
researches  and  authoritative   opinions. 

There  are  nevertheless  a  good  many 
assertions  that  appear  exaggerated,  and 
are  at  least  statements  that  cannot  at 
the  present  day  be  referred  to  any 
exact  investigations,  simj^ly  because 
mankind  has  been  so  tardy  in  recog- 
nizing the  importance  of  the  "proper 
studv  of  mankind."  and  has  not  much 
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utilized  in  any  ol)jective  spirit  the  im- 
mensely valuable  record  we  commonly 
call  "history."  One  point  at  least  can 
be  certainly  made,  that  not  one  of  the 
hostile  reviewers  has  taken  any  point 
to  point  method  of  evaluation.  They 
do  not  appear  to  be  actuated  by  a  de- 
sire for  truth.  For  instance,  such  gen- 
eral assertions  as  the  following  are  fre- 
quently found  among  the  reviews  for 
the  most  part  written  during  the  late 
European  War :  "All  that  can  be  said 
of  some  of  the  statements  brought  for- 
ward by  ]Mr.  Grant  as  scientific  evi- 
dence of  his  thesis  is  that  they  are 
incorrect." — London  Times,  May  3rd, 
1917. 

The  phraseology  is  "some  of  the 
statements,"  but  unless  the  sentence  is 
read  very  carefully  it  gives  the  impres- 
sion that  most  of  the  statements  are 
incorrect.  This  is  the  only  sentence 
quoted  by  the  Book  Reviezv  Digest  in 
its  general  summary  of  all  im]iortant 
reviews  for  February,  1918.  The  mark 
minus  ( — )  is  placed  against  it.  This 
is  a  good  illustration  of  the  sort  of 
injustice  that  may  be  done  a  book  when 
editors  are  war-mad.  The  London 
Times  then  attacked  two  comparatively 
unimportant  and  probably  erroneous  as- 
sertions of  Mr.  Grant.  First,  that  the 
Nordics  were  killing  themselves  ofif  in 
the  Great  War,  and  second,  that  huiuan 
characters  obey  Mendelian  laws  during 
their   hereditary   descent. 

The  Dial.  May  17th.  1917.  said: 
"The  science  is  so  ]mre  that  it  is  al- 
together imperceptible."  "This  form 
of  arrogance  is  not  new  in  the  history 
of  civilization." 

"Anti- Democracy"  is  the  heading  of 
the  review  in  the  Athouirum.  July. 
1917.  "It  is  an  a.xiom  with  Mr.  Grant 
— for  he  makes  not  the  least  attempt  to 
l)rove  it — that  heredity  is  more  than 
environment."  { The  ])rescnt  edition 
gives  the  references.)  "We  had  thought 
that  this  species  of  race  ecstacy,  this 
enthusiasm  for  laying  stress  on  the 
racial  basis  of  luu'opean  history,  with 
which  the  name  of  Houston  Stewart 
Chamberlain    is    associated,    was    going 


out  of  fashion  even  in  Germany  where 
it  was  introduced  to  give  an  appearance 
of  scientific  support  to  the  position  of 
the  Junkers,  and  to  bolster  up  the 
divine  right  of  kingship.  But  that  a 
writer  in  democratic  America  should 
give  currency  to  these  doctrines  is  pass- 
ing strange."  This  review  appears  to 
be  actuated  by  war-emotion. 

In  the  Unpopular  Reviezv  for  Octo- 
ber. 1 91 7,  we  find  a  criticism  directed 
against  Mr.  Grant's  not  giving  greater 
credit  to  the  French  nation :  "We  are 
asked  to  believe  that  XlXth  century 
democratic  France  was  decadent;  a 
glance  at  the  roll  of  French  fame  for 
the  last  hundred  years  is  sufficient  reply. 
l'erha]:)s  Cuvier.  Comte.  Claude  Ber- 
nard. Taine.  Pasteur  were  all  Teutons? 
Such  an  assertion  in  most  cases  is  diffi- 
cult to  disprove.  Renan,  who  was  a 
believer  in  race,  and  a  great  admirer 
of  Germany,  gave  his  ethnic  formula 
as  "a  Celto-Gascon  mongrel,  with  a 
dash  of  Lappish  blood"  and  added 
modestly :  'This  ought  to  corresjxind  to 
perfect  imbecility.'  Henri  Poincare 
was  a  mathematician  of  rare  genius;  it 
is  said  that  in  the  last  years  of  his 
career  he  suffered  from  the  solitude  of 
the  discoverer  voyaging  through  strange 
seas  of  thought  alone.  We  have  a 
minute  physiological  description  of  him 
bv  Dr.  Toulouse.  This  pioneer  was  an 
.\l])ine,   a   'vile   brachy'." 

Such  a  ixiragraph  illustrates  very 
well  the  childish  futility  of  attempting 
to  settle  generalizations  in  fields  of 
history  by  citing  a  few  instances.  As 
a  matter  of  fact,  France  has  fallen  be- 
hind during  the  last  three  generations 
very  markedly  in  her  jiroduction  of 
scientists  of  international  eminence  as 
compared  with  England  and  Germany 
and  quite  beyond  the  expectation  from 
changes  in  the  total  population.  This 
assertion  is  based  on  statistical  research 
the  abstract  of  which  was  published  in 
the  Psycholoffical  Bulletin.  I-'ebruary 
15th,   1 91 4. 

.\  very  unfavorable  review  appeared 
in  Vanity  Fair  for  October.  1918.  It 
occui)ied    a    page    and    a   half    of    this 
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])oi)ular  journal.  A  lary^e  picture  of 
Alexander  Dumas  appeared  on  one  of 
the  same  passes — amusint^  coincidence. 
The  writer  of  the  review  is  an  author 
of  childrens'  i)lays.  literary  essays, 
etc.  He  tells  all  who  may  wish  to 
read  that :  "As  for  skull  measurements 
the  told-fashioned  ])hrenoloj^ists  dealt 
at  least  with  Love.  Ambition,  Memory 
and  other  human  (jualities." 

It  appears  from  a  review  of  re- 
views of  this  singularly  provocative 
work,  "The  Passing  of  the  Great  Race." 
that  the  distinctly  unfavorable  criti- 
cisms were  all  published  in  other  than 
scientific  journals.  Those  in  scientific 
journals  were  on  the  whole  reasonably 
commendatory,  though  they  did  not 
regard  it  as  a  strictly  scientific  work. 
Favorable  reviews  appeared  in  the  New 
York  Times  and  also  in  the  Tribune, 
January  13th,  1917;  Natio)i,  April  19th, 
1917;  Nature  (London),  August  23rd, 
1917;  the  Vale  Rez'iezc,  April.  1917; 
Geographical  Bulletin,  Philadelphia. 
July,  191 7;  the  American  Historical 
Rez'iezv,  July,  1917,  was  not  unfriendly. 
"His  endeavor  to  interpret  history  in 
terms  of  race  is  a  legitimate  and  allur- 
ing enterprise,  even  if  he  goes  rather 
far  in  claiming  originality  for  the 
idea."  "The  book  contains  much  solid 
scientific  and  historical  truth."  The 
Neiv  York  Sun,  April  7th.  1918,  gave 
a  very  favorable  review'.  "Get  the  book 
and  read  it ;  it's  w^orth  while."  The 
British  Medical  Journal,  August  18th, 
1917,  said :  "While  not  prepared  to 
go  all  the  way  with  the  author  into 
the  debatable  region  of  practical 
eugenics,  we  can  commend  his  treatise 
to  serious  students." 

In  closing  this  too  brief  review, 
which  is  really  more  of  an  objective 
analysis  of  a  book's  reception,  it  is  in- 
teresting to  summarize  the  matter. 
Nearly  all  the  reviews  published  in 
scientific  journals  or  in  the  leading 
newspapers  were  either  favorable  or 
moderately  favorable.  The  distinctly 
unfavorable  were  either  important 
British  reviews,  which  were  apparently 
actuated  by  war-emotion,  or  were  j)ul)- 
lished    in    American    newspapers    and 


magazines  and  signed  by  persons  of 
non-Xordic  race. 

Thinking  upon  all  this  has  suggest- 
ed to  the  present  reviewer  the  follow- 
ing idea :  Animosity  against  any  pre- 
tentions of  superiority  on  the  part  of 
members  of  one  race  over  members  of 
another  merely  on  the  ground  of  race  is 
boimd  to  bring  about  special  and  instan- 
taneous resentment  in  nearly  every  in- 
stance. This  is  because  a  peculiar  re- 
action takes  place  which  is  itself  of 
evolutionary  origin  and  of  survival 
value,  and  has  been  a  distinctly  human 
trait  ever  since  the  species  Homo 
sapiens  began  to  differentiate  from  the 
other  anthropoids.  Men  have  evolved 
in  group  formation  and  men  will  re- 
sent an  injury  to  the  group,  or  fight 
for  the  group  where  they  would  not 
move  a  muscle  on  their  own  account. 
This  principle  is  so  strong  that  we 
often  witness  it  as  a  sort  of  profession- 
al esprit  de  corps.  This  makes  it  almost 
impossible  to  have  a  cold-blooded  dis- 
cussion of  racial  questions,  or  an  ob- 
jective classification  of  temperamental 
matters  on  which  humanity  in  general 
will  agree.  It  is  too  much  a  question 
of  norms,  too  much  a  question  of  ulti- 
mate values. 

This,  however,  does  not  prevent  a 
good  deal  of  reasonably  accurate 
classification  and  tabulation  of  racial 
psychological  differences.  We  may  not 
be  able  to  get  agreement  as  to  whether 
pure  science  or  pure  song  be  of  the 
better  worth,  but  it  is  possible  to  map 
geographically  the  origin  of  both 
science  and  song ;  and  up  to  date  a 
good  deal  has  been  done  in  the  way 
of  mapping  racially  the  origin  of 
science,  both  pure  and  applied,  includ- 
ing administration  faculties,  success  in 
business,  war,  and  government.  So 
far.  the  weights  all  fall  tremendously 
to  the  credit  of  the  Nordic  race. 

There  can  be  no  question  that  the 
Nordic  race  is  and  has  been  a  superior 
one.  Whether  it  is  passing  or  not  is 
a  question.  Perhaps  future  researches 
may  make  it  possible  to  forecast 
these  racial  and  historical  problems. — 
Frederick  Ad.\ms  Woods. 


A  FLORAL  ABNORNLALITY  OF  THE 
LNDIAN  WATER  LILY 

Prolification  and  Phyllomorphy  in  Nymphaea  Rubra 


P.   AL   Debbarmax 
Hoivra,  India 


THE  curious  specimen  described 
below  appears  to  be  worth  plac- 
ing on  record  as  an  example 
principally  of  axial  floral  prolification 
of  the  flower  and  phyllomorphy  of  the 
stamens. 

In  this  specimen  a  small  supernu- 
merary flower  with  a  distinct  ])edicel 
has  issued  from  the  axil  of  one  of  the 
inner  petals  of  a  normal-sized  flower 
of  Nymphaea  rubra  Roxh.  The  stam- 
ens have  been  transformed  into  small 
leaf-like  structures  thus  exhibiting 
"phyllomorphy."  This  latter  change 
is  very  striking  in  view  of  the  fact 
that  the  structure  of  an  anther  is  usual- 
ly far  removed  from  that  of  an  ordi- 
nary leaf.  The  ovary  has  been  found 
to  be  filled  with  a  brownish-yellow 
mass  and  covered  with  intricate  woolly 
hairs.  Xo  trace  of  any  stamens  or 
ovary  has  been  found  inside  the  super- 
numerary flower,  which  is  quite  small 
in  comparison  with  normal  flowers. 
Not  only  the  flowers  but  even  the 
leaves  in  this  specimen  are  found  to 
be  rather  modified  in  shape  and  size. 

Masters  has  recorded  a  somewhat 
similar  specimen  of  Nymphaea  in  his 
Vegetable  Teratology.  The  present 
one,  however,  primarily  differs  from 
the  latter  in  the  following  respects — 
(i)  the  scape  is  free  from  any  sign 
of  torsion;  (2)  the  sui)ernumcrary 
flower  has  api)arcntly  proceeded  from 
the  axil  of  a  petal;  (3)  long  matted 
hairs  cover  the  disc  and  the  abortive 
ovary  and  (4)  the  leaves  are  modified 
in  size  and  shape. 

It  seems  quite  probable  that  two 
different  kinds  of  factors — one  internal 
and    the    other    external — might    have 
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LEAVES  FROM  STAMENS 

FicuRE  18.  .Several  stamen.s  have  de- 
veloped into  small,  leaf-like  structures,  and 
a  supernumerary  flower  has  grown  from  the 
axils  of  one  of  the  petals.  Leaves  and 
stamens  are  structurally  so  diflferent  that 
such  a  change  of  characters  is  remarkable, 
h  is  not  known  what  caused  this  variation, 
but  it  is  believed  to  be  due  either  to  a  para- 
site or  to  a  nutritional  disturbance. 


l)een  at  work  here,  giving  rise  to  these 
structural  deviations.  On  the  one  hand 
the  presence  of  the  supernumerary 
fldwer  and  the  change  in  the  shape 
and  size  of  the  leaves  lead  us  to  sus- 
I)ect  that  these  might  have  been  due 
to  some  internal  cause  (e.  g.  nutrition), 
and.  on  the  other  hand,  the  abnormal 
tissue  in  the  abortive  ovary  and  the 
hairs  on  it.  lead  us  to  suspect  some 
external   factor   (e.  g.  a  parasite). 


06 


Ike 

Journal  of  Heredity 

Vol.  XIV.  No.  3 June.  1923 

CONTENTS 

SAVING  THE   SIX-NIPPLED   BREED 

Ale.xander    Graham    Bkll       iM) 

HEREDITY  AND  TUBERCULOSIS    (A  Review) 112 

ARTIFICIAL   X'ARIETIES    UNDER    NATURAL    CONDI- 
TIONS  R.    C.    Benedict     Ho 

FURTHER  POINTS  ON  THE  RELATION  OF  CYTOLO- 
GY AND  GENETICS P.  W.  Whiting     110 

THE     INHERITANCE     OF     DEFECTIVE     SEEDS     IN 

MAIZE P.    C.    Mengelsdore     lliJ 

GENETICS   IN   RUSSIA 105 

HERITABLE  CHARACTERS  OF  MAIZE— XIII ;  SWEET 
~       DEFECTIVE  AND  FLINT  DEFECTIVE 

E.     W.     LiNDSTROM       J  21 

INTERNAL   SECRETIONS   AND   ACQUIRED   CHARAC- 
TERS   (A    Review) 130 

FOR  THOSE  ABOUT  TO  .MARRY  (A  Review) 138 

THE  ALLEGHENY  COLLEGE  BIRTH  RATE.H.  R.  Hunt     131) 

A    HANDBOOK    FOR    TROPICAL    PLANT    BREEDERS 

(A    Review) \\\ 


The  JOURNAL   OF    HEREDITY   is   published   monthly  by   the 
AMERICAN  GENETIC  ASSOCIATION 

At  1918-32  Harford  Avenue.  Baltimore,  Md.,  and  Washington,   D.   C. 

Address   communications  regarding   editorial   matters   and  the   business   management  of  the 
Association    to    Box    354,    Penna.    Ave.    Sta.,    Washington,    D.    C. 

Entered  as  second  class  matter  February  24,  1923,  at  the  post  office  at  Balti- 
more, Maryland.  Acceptance  for  mailing  at  the  special  rate  of  postage 
provided  for  in  Section  11C3,  Act  of  October  3,  1917,  authorized  December  20, 
1918.  Contents  copyrighted  1923  by  the  American  Genetic  Association.  Re- 
production of  articles  or  parts  of  articles  permitted  only  upon  request,  for  a 
proper  purpose,  and  provided  due  credit  is  given  to  author  and  to  the 
JOURNAL  OF   HEREDITY.  V/ashington,  D.  C. 

Date  of  Issue  of  this  Number.  June  30,  1923 


ALEXANDER   GRAHAM    BELL   EXAMINING    THE    NIPPLES   OF   ONE   OF    HIS 

MULTI-NIPPLED  SHEEP 

It  is  ri-markable  what  a  place  the  sheep  house  had  in  Mr.  Bell's  life.  In  it  were  used 
his  inventions  for  weiRhinjj  and  feeding  and  markinR  his  nndti-nippled  flock.  The  news  of 
the  birth  of  the  lambs  in  it  was  wired  to  him  every  spring,  no  matter  where  he  was.  His 
conviction  that  the  forces  of  heredity  were  among  the  greatest  of  all  forces  was  as  firm  as 
his  conviction  that  the  vibrations  of  the  human  voice  could  be  transmitted  electrically  and 
that  the  aerial  highway  overhead  would  be  traversed  by  man.  It  is  significant  that  those 
eyes  which  could  see  so  deeply  into  things  should  have  made  their  last  observations  in  this 
sheep  house.  Dr.  Cirenfell  was  several  times  a  visitor  at  Beinn  Bhreagh  on  his  way  to 
Labrador.  He  is  here  shown  sitting  on  a  box  beside  Dr.  Bell.  Photograph  by  (iilbert 
Grosvenor. 


SAVING  THE  SIX-NIPPLED  BREED 

Ar.KxANDER    Graham    Rkfj. 
Mr.  Bell's  Last  Contribution  to  Science,  with  An  Introduction  by  Mrs.  Bell 


LTXDER  this  title  Dr.  Alexander 
J  Graham  Bell  in  June  of  this 
year  [l!)"i2]  dictated  for  preser- 
vation in  his  note-hooks  the  last  of  his 
summaries  of  his  breed  of  "Multi- 
nippled  Sheep"  which  for  the  past  few 
years  he  had  been  in  the  habit  of  mak- 
ing every  spring. 

Whether  he  had  any  feeling  that 
each  such  summary  might  be  his  last 
report  on  his  long-continued  sheep  ex- 
periments does  not  appear.  He  never 
said  so.  But  he  was  one  of  those  un- 
hurried souls  who  are  "Prepared  to  die 
today,  but  live  as  if  sure  of  a  hundred 
years  for  work." 

Behind  this  title  lies  a  whole  romance 
as  yet  untold,  full  of  dramatic  incidents 
epitomic  of   Air.    Bell's   own  character. 

As  this  sheep  experiment  was  one  of 
the  last,  so  it  was  one  of  the  first  of 
the  many  investigations  in  which  ]\Ir. 
Bell  engaged  while  living  on  Cape  Bre- 
ton Island,  and  a  brief  account  of  its 
beginning  may  possibly  prove  inter- 
esting. 

In  the  year  1886  Mr.  and  :\Irs.  Bell 
brought  their  two  little  girls  to  Bad- 
deck,  having  determined  to  make  their 
summer  home  on  the  island. 

They  found  a  tiny  deserted  cottage, 
sufficiently  far  from  the  village,  and 
near  the  water's  edge  to  satisfy  their 
requirements  for  the  time.  The  cot- 
tage had  no  furniture  except  a  dining- 
table,  and  little  could  be  bought  in  the 
village,  so  the  family  themselves  made 
most  of  what  they  needed,  and  slept 
on  bags  stuffed  with  hay. 

To  this  primitive,  but  very  hap])y 
home.  Mr.  Bell  one  day  brought  a  little 
lamb.  It  soon,  became  part  of  the  fam- 
ily circle,  following  the  children  wher- 
ever they  went,  in  and  out  of  the  house. 
When  the  time  came  to  leave  for  the 
winter  the  children  would  not  hear  of 
giving  away  their  pet.  so  arrangements 


were  made  for  its  care  through  the 
winter.  The  next  summer  when  the 
family  returned,  tzvo  sheep,  the  mother 
sheep  and  her  little  lamb,  greeted  them. 

But  why  only  one  lamb? 

A  progeny  of  nineteen  was  no  un- 
common event  in  a  pig's  family.  Even 
dogs  generally  had  as  many  as  six  at  a 
birth,  while  twin  lambs  were  rare,  and 
quadruples  unheard  of.  Yet  there  was 
valuable  wool  and  meat  to  be  obtained 
from  sheep.  W'ould  not  twins  double 
the  farmer's  income  without  materially 
increasing  his  labor? 

The  argument  that  he  preferred  one 
good  lamb  to  two  poor  ones  did  not 
seem  conclusive  to  Mr.  Bell,  for  the 
farmer  most  certainly  had  no  objection 
to  many  pig  babies,  and  neither  the  pig 
nor  the  dog  mother  had  difficulty  in 
rearing  a  large  proportion  of  their 
children  to  fine  maturity.  Why  could 
not  the  sheep  do  so  too?  The  problem 
fascinated  ]\Ir.  Bell.  Here  was  what 
seemed  to  him  an  opportunity  to  satis- 
fy his  scientific  curiosity,  and  at  the 
same  time  serve  the  people  among 
whom  he  had  made  his  home. 

Mr.  Bell  began  the  investigation  of 
his  problem  by  a  careful  physical  exam- 
ination of  the  sheep  th'^mselves,  and 
soon  discovered  that  while  dogs  have 
several  milk-bags,  and  pigs,  with  much 
larger  litters,  have  a  great  number  of 
them ;  sheep  as  a  rule  only  possessed 
one  pair.  Here,  he  considered,  might 
lie  the  cause  of  the  difference  in  the 
jiumber  of  young  produced.  Of  course 
the  number  of  children  a  mother  can 
])rofitably  rear  must  bear  some  propor- 
tion to  the  amount  of  milk  she  had  for 
them,  and  this  also  was  dependent  on 
the  number  of  milk-bags,  or  nipples 
she  possessed.  The  problem  therefore 
at  the  very  outset  narrowed  down  to 
the  possibility  of  multiplying  the  num- 
ber of  nipples   found  on  a  sheep. 
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Mr.  Bell  noticed  traces  of  rudiment- 
ary nipples  on  some  of  the  sheep  exam- 
ined, and  gathered  confidence  that  by  a 
careful  scientific  process  of  selection, 
these  rudimentary  nipples  could  be  de- 
veloped into  functional  milk-bags,  se- 
creting sufficient  milk  for  the  proper 
rearing  of  a  numlier  of  lambs  at  a 
birth. 

In  such  manner  began  the  experiments 
to  create  a  many-nippled  breed  of 
sheep,  ultimately  to  be  developed  into 
a  true  twin-bearing  variety.  These 
were  continued  with  varying  degrees  of 
success,  but  never-failing  interest  on 
]\Ir.  Bell's  part,  to  the  end  of  his  life. 
A  great  amount  of  time,  study  and  per- 
sonal labor  was  bestowed  upon  them 
every  year.  Whenever  possible  he  was 
at  hand  to  welcome  the  lambs  in  early 
spring,  and  to  superintend  the  mating 
in  the  autumn.  On  one  occasion  he 
even  crossed  the  Atlantic  largely  for 
that  purpose,  returning  to  Europe  af- 
terwards. 

During  the  first  years  Mr.  Bell  paid 
especial  attention  to  the  details  of  the 
care  of  his  shee])  throughout  the  long 
Northern  winters.  Believing  that  high, 
dry  pasturage  was  particularly  bene- 
ficial, and  that  the  division  of  animals 
into  small  groups  made  their  protection 
against  epidemics  more  easy,  he  built 
a  veritable  village  of  small  sheep  houses 
on  the  top  of  Beinn  Bhreagh.  He 
named  this  "Sheepville"  and  it  had 
regular  main  and  cross  streets,  which 
also  had  their  individual  names.  Nearly 
every  day  for  some  years  he  conducted 
his  sometimes  rather  reluctant  family 
up  the  mountain,  often  through  deep 
snow,  to  visit  those  sheep,  and  they 
became  |)ersonally  acquainted  with  Gen- 
erals Grant  and  Lee,  the  first  sires  of 
the   breed. 

It  was  not  practicable,  however,  to 
remain  every  winter  at  Beinn  Bhreagh, 
and  gradually  the  ])ersonal  care  of  the 
sheep  was  left  to  shepherds,  who  un- 
fortunately did  not  always  deserve  the 
confidence  rejiosed  in  them.  On  one 
occasion  the  whole  flock  was  almost 
willed  out  of  existence  by  the  indiflfer- 


ence  of  a  shepherd,  who  left  it  outside 
the  houses  one  night  during  a  wild 
March  blizzard  ;  on  another  only  three 
sheep  escaped  the  ravages  of  wild  dogs. 
Even  when  Mr.  Bell  went  to  the  ex- 
pense of  importing  a  medical  student 
from  Washington  to  supply  his  own 
place  during  an  enforced  absence,  he 
can  hardly  be  said  to  have  been  more 
lucky,  since  the  scientific  interest  of 
this  gentleman  was  so  keen  that  he  cut 
open  one  of  the  crack  ewes  to  see  if 
it  really  had  twins !  It  is  perhaps  per- 
missible therefore  to  question  whether, 
with  more  intelligent  understanding  and 
greater  care  on  the  part  of  his  assist- 
ants. Mr.  Bell  might  not  have  advanced 
further  in  the  establishment  of  his 
variety  of  si.x-ni])])led.  twin-bearing 
sheep. 

However  this  may  be,  Mr.  Bell  him- 
self never  failed  in  the  devotion  with 
which  he  conducted  his  own  share  of 
the  work.  The  scope  of  the  investiga- 
tion indeed  narrowed.  When  Davidson 
left  his  employ  some  years  ago  he  dis- 
continued the  minute  weighing  of  each 
sheep  before  and  after  meals,  and  dur- 
ing rain  and  sunshine,  and  the  individ- 
ual feeding  of  measured  quantities  of 
food  and  observations  on  the  influence 
of  greater  or  less  food,  or  different 
kinds  of  food  on  ewes  during,  and 
after,  or  before  pregnancy,  which  some 
one  protested  was  likely  to  weigh  the 
animals  out  of  existence!  But  there 
never  was  any  diminution  in  the 
amount  of  care  exercised  in  the  selec- 
tion of  sheep  for  continued  breeding. 
The  languor  of  illness  was  already  on 
him  when  he  made  the  examination  of 
the  sheep  on  which  this  last  summary 
was  based,  but  there  was  not  the  small- 
est deviation  from  the  usual  routine. 
The  sheep  were  gathered  into  one  of 
the  barns,  the  mother  ewe  and  her 
lambs  identified ;  the  ewe's  number 
looked  up  in  the  catalogue,  holding  it 
there  while  Mr.  Bell  and  the  farmer 
critically  examined  each  nipple.  Where 
the  animal  examined  was  a  ewe  the 
nipples  were  tested  to  ascertain  whether 
thev   had    functioned. 
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FEEDING  THE  SHEEP 

Figure  1.  Dr.  Bell  always  kept  a  box  of  oats  by  the  gate  of  the  sheep  pasture,  which 
was  very  close  to  his  house.  Very  often  when  he  came  back  from  his  office  in  the  late 
afternoon  he  would  take  some  of  his  grandchildren  down  to  feed  the  sheep.  He  was  de- 
lighted in  having  his  flock  tame  enough  so  that  they  would  eat   from  his  hand. 


In  the  case  of  the  lamlis,  both  male 
and  female,  the  size  and  position  of 
the  nipples  with  reference  to  each  other 
was  carefully  noted  and  measured. 
Often  for  further  elucidation  profile 
drawings  were  made  in  the  note-book. 
Then  the  size  and  general  bodily  con- 
dition of  both  sheep  and  lambs  were 
considered,  and  decision  rendered 
whether  or  not  all  requirements  had 
been  successfully  met.  If  the  verdict 
was  unfa^•oral)le  the  ears  of  the  lamb 
were  simply  clipped  to  prevent  future 
confusion,  and  it  was  discarded  from 
"Mrs.  Bell's  Twin-Bearing  Flock." 
Holes  were  punched  in  the  ears  of  the 
accepted  sheep  after  a  method  of  Mr. 
Bell's  own  devising,  which  through 
their  position  designated  the  number 
assigned  to  that  particular  lamb  in  the 
sheep  catalogue.  This  number  was 
given  only  to  that  sheep  and  will  always 
identify  it  beyond  doubt.  When  the 
owner  of  it,  whether  from  failure  to 
meet  later  requirements  or  from  other 
causes,  no  longer  belongs  to  the  flock, 
that  number  still  remains  in  ths  cata- 
logue, mute  evidence  of  such  a  sheep 
having  once  existed. 

In  all,  Mr.  Bell  this  year  examined  in 
this  minute  way  fifty-one  sheep.  It 
involved  two  mornings  of  hard  work 
on     the     part     of     all     four     men     en- 


gaged, and  ^Ir.  Bell  followed  this 
by  four  nights  of  labor,  going  over 
the  results  and  tabulating  thein.  This 
meant  filling  ten  large  sheets  of  his 
note-book  with  several  columns  of 
figures  and  notes  written  in  his  own 
small  handwriting.  All  this  was  gone 
through  before  the  summary  could  be 
started. 

Mr.  Bell,  of  course,  must  have  been 
very  tired  at  the  finish,  but  he  was  too 
much  interested  and  pleased  with  the 
condition  in  which  he  found  his  flock, 
to  be  even  aware  of  fatigue. 

The  Summary  is  presented  exactly 
as  Mr.  Bell  left  it,  and  it  is  perhaps 
interesting  to  note  that  the  language 
is  exactly  as  it  came  from  his  lips, 
without  change  or  correction.  He 
looked  the  original  dictation  over,  and 
directed  that  it  be  typewritten  as  it 
stood. 

He  would,  of  course,  have  made 
changes  in  its  wording,  had  he  himself 
prepared  it  for  publication,  for  he  was 
very  critical  of  every  word  used  and  in 
the  construction  of  every  sentence.  The 
formation  of  the  last  two  sentences 
Xos.  3  and  4  in  the  paragraph  describ- 
ing the  result  of  the  process  of  selec- 
tion in  "Mrs.  Bell's  Flock,"  for  exam- 
ple, will  not  scan,  but  is  left  untouched. 
Mahcl  Caniincr  Bell. 
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"MRS.  BELL'S  LITTLE  FLOCK" 

Figure  3.  Mrs.  Bell's  little  flock  of  multi-nipplcd  twin-bearing  sheep  photographed  in 
August,  1922.  This  flock  was  made  up  of  selected  ewes  having  four  or  more  functional 
nipples,   and   whose   first   lambs   were   twins.      Photograph   by    David    Fairchild. 


IN'  1914  I  had  made  up  my  mind  to 
give  up  the  sheep-breeding  experi- 
ments which  I  had  been  carrying 
on  since  hSUO,  by  handing  the  sheep 
over  to  a  younger  man,  ]Mr.  J.  G. 
Davidson,  of  Stewiacke,  N.  S.  Mr. 
Davidson  had  had  charge  of  the  sheep 
on  Beinn  Bhreagh  for  some  years  pre- 
viously and  was  thoroughly  familiar 
with  the  experimental  plans  adopted. 
I  made  an  arrangement  with  him  to 
carry  on  the  experiments  in  Stewiacke, 
N.  S.,  for  at  least  a  period  of  five 
years  as  a  commercial  enterprise  of  his 
own. 

By  1 91 4  we  had  developed  a  six- 
nippled  breed  of  sheep,  but  considerable 
difficulty  had  been  experienced  in  get- 
ting the  flock  to  breed  truly  to  the  point 
of  selection  adopted.  This  was  shown 
by  the  fact  that  the  best  nippled  sheep 
on  the  place  were  the  offspring  of  shee]) 
that  had  been  luirchased  from  farmers 
who  had  used  our  rams,  and  very  few 
of  them  were  of  our  own  breeding  on 
both  father's  and  mother's  side. 

In  1 91 4  the  best  nippled  sheep  were 


formed  into  a  flock  and  removed  to 
Stewiacke,  N.  S.,  in  charge  of  Mr. 
Davidson,  and  we  had  an  auction  sale 
of  all  of  the  other  sheep  on  the  place  to 
farmers  who  lived  around  here.  After 
having  kept  careful  sheep  Ijreeding 
records  for  twenty-four  years,  I  felt 
rather  lost  at  first  to  find  myself  with- 
out any  sheep  of  my  own  breeding  and 
then  discovered  that  Mrs.  Bell  also  felt 
very  badly  over  the  fact  that  I  had 
deprived  myself  of  all  my  sheep  breed- 
ing material.  In  fact  she  felt  so  badly 
over  the  matter  that  she  made  private 
arrangements  with  Mr.  John  ]\Iac- 
Dermid  to  buy  in  a  few  of  the  sheep 
for  herself,  in  the  hope  that  I  would 
take  them  up  again.  To  my  surprise , 
therefore,  I  found  after  all  that  we 
were  still  in  possession  of  a  small  flock 
of  sheep,  consisting  chiefly  of  sheep 
that  no  one  else  wanted  to  buy !  Among 
these  shee])  was  a  young  ram  No.  2308, 
a  black  male  six-nippled  twin.  Its  fa- 
ther was  also  a  six-nippled  twin,  and 
the  mother,  too,  so  that  he  was  pre- 
sumed   to   have    a    hereditary    tendency 


'  Copied  without  alteration    from   Mr.   Bell's  notes. 
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toward  the  production  of  six-nippled 
and  twin  offspring.  However,  nobody 
wanted  a  black  ram.  and  John  MacDer- 
mid  bought  him  in  for  a  song,  for  Airs. 
Bell's  flock. 

Mrs.  Bell  was  more  interested  in  the 
production  of  a  twin-bearing  stock  than 
in  one  six-nippled.  This  was  the  ori- 
gin of  the  twin-bearing  flock,  and  after 
the  sale  I  found  that  instead  of  having 
no  flock  to  look  after  I  was  called  upon 
to  care  for  two,  a  six-nippled  one  at 
Stewiacke,  and  a  twin-bearing  one  at 
Beinn  Bhreagh. 

The  principles  of  breeding  were  dif- 
ferent for  the  two  flocks.  Mrs.  Bell 
wanted  twins  and  was  satisfied  that  the 
ewes  should  have  only  four  nipples,  so 
long  as  the  second  pair  of  nij^ples  were 
of  the  same  size  as  the  primary  pair 
and  were  functioning — yielding  milk. 
The  i)rincipal  point  of  selection  in  her 
flock  was  to  keep  lambs  having  the  sec- 
ond pair  of  nipples  as  large  as  the  first. 
They  might  have  five  or  six  or  even 
more,  but  she  considered  these  unim- 
portant, provided  that  they  had  at  least 
four  well-develoi)ed,  well-separated  nip- 
ples yielding  milk. 

An  examination  of  her  flock  revealed 
the  fact  that  we  had  in  the  past  been 
too  anxious  about  the  mere  number  of 
nii)ples  instead  of  their  size  and  general 
development.  In  nearly  every  case  the 
supernumerary,  mammae  were  small 
and  not  functiqpal  in  adult  life. 

This  doubtless  had  been  the  reason 
for  our  failure  to  establish  the  six- 
nip])led  tendency  as  a  hereditary  trait, 
so  that  the  best  nippled  lambs  were 
exceptional  creatures  fitund  in  the 
flocks  of  farmers  who  had  used  our 
rams.  The  lambs  purchased  from 
farmers  were  designated  by  letters  of 
the  alphabet  so  that  it  was  easy  to 
distinguish  the  ewes  that  had  been  pur- 
chased from  those  of  our  own  breeding. 

In  process  of  time  we  got  rid  of  the 
lambs  with  small  extra  nipples,  keeping 
only  those  with  nip])lcs  moderately 
develo]^d.  and  it  really  was  curif)us  to 
note  how  many  of  the  sheep  ultimately 


retained  had  mothers  with  the  letters 
of  the  alphabet  in  their  names.  (Foot- 
note by  Mrs.  Bell :  It  should  be  noted, 
however,  that  in  nearly  every  case  these 
purchased  sheep  have  been  found  to  be 
descendants  of  Mr.  Bell's  rams  and  it 
is  possible  to  trace  each  one  to  its  par- 
ticular ancestor — whose  number  is  pre- 
served m  the  catalogue.) 

Finding  that  very  few  of  our  lambs 
had  extra  nipples  of  the  desired  size, 
and  realizing  that  it  would  take  a  long 
time  to  develop  a  small  flock,  we  sent 
out  an  exploring  expedition  to  examine 
sheep  of  the  surrounding  farmers  and 
see  whether  we  could  not  pick  up  a  few 
adult  ewes  with  extra  nipples  as  large 
and  well  developed  as  the  primary 
suckling  pair.  Mr.  Maclver  was  very 
successful  in  this  and  succeeded  in  pur- 
chasing no  less  than  sixteen  ewes  in 
which  the  secondary  pair  of  nipples  were 
of  enormous  size.  They  not  only  yielded 
milk  but  had  evidently  been  sucked  by 
their  lambs.  These  ewes  were  added  to 
the  farmer's  flock  as  we  could  not  very 
well  give  them  identifying  names  as 
their  ears  were  already  mutilated  l)y  the 
farmer's  clippers.  We  have  obtained 
from  these  ewes  quite  a  number  of 
lambs  with  secondary  nipples  ai)i)arent- 
ly  as  large  as  the  ])rimary  pair,  and 
these  have  been  added  to  Mrs.  Bell's 
flock. 

After  the  sale  of  sheep  in  1914  I 
found  myself  special  adviser  in  chief 
to  two  distinct  flocks.  I.  Davidson's  six- 
nip])led  flock  at  Stewiacke.  2.  Mrs. 
l-Jell's  Twin-bearing  flock  at  Beinn 
F>hreagh  and  to  these  we  speedily  had 
to  add  a  third — the  farmer's  flock  at 
Beinn  Bhreagh,  consisting  of  sheep 
which  had  been  rejected  from  Mrs. 
Bell's  flock  and  remained  in  Mr.  Mac- 
Iver's  care    for   sale   or  other  dis|Kjsal. 

The  ewes  of  the  farmer's  flock  that 
were  wintered  were  mated  with  thor- 
ough-bred Shro])shire  Society  rams 
with  the  object  of  improving  the  fleece 
and  the  hope  that  some  of  the  lambs 
with  improved  fleece  would  turn  out 
to  have  the  characteristics  desired  for 
Mrs.    Bell's   flock,   and   thus  enable   us 
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to    introduce    the    improved    fleece    into 
Mrs.    Bell's   Twin-bearing   flock. 

The  principles  of  selection  adopted 
in  Mrs.  Bell's  Twin-bearing  flock  were 
as   follows : 

1.  The  nipples  of  the  lambs  were  examined. 
The  lambs  having  four  or  more  well- 
developed,  well-separated  nipples  of 
about  equal  size  were  retained  in  the 
flock  and  those  that  did  not  come  up  to 
this  requirement  were  transferred  to  the 
farmer's    flock. 

2.  In  the  autumn  the  lambs  remaining  in 
Mrs.  Bell's  flock  were  weighed,  and  the 
average  weight  ascertained.  The  lambs 
weighing  more  than  the  average  were 
retained  and  the  others  transferred  to 
the    farmer's   flock. 

3.  Innumerable  experiments  in  the  past 
having  demonstrated  that  when  mating 
was  accomplished  in  October  the  propor- 
tion of  twin  lambs  was  very  much 
greater  than  when  mating  occurred  in 
November,  and  that  very  fev/  twins  re- 
sulted from  December  mating,  the  Octo- 
ber mating  season   was  retained. 

4.  When  the  lambs  became  two  years  old 
some  of  them  were  found  to  have  twins 
of  their  own,  while  others  had  only 
single  lambs.  The  ewes  that  had  twins 
when  two  years  old  were  retained  in 
Mrs.  Bell's  flock  and  the  others  trans- 
ferred to  the  farmer's  flock. 

As  a  result  of  these  processes  of 
selection  the  adult  ewes  of  Mrs.  Bell's 
flock  consist  of : 

r.  Sheep  having  four  or  more  well-devel- 
oped, well-separated  nipples  yielding  milk. 

2.  Ewes  weighing  more  than  the  average 
weight  of  ewes  of  their  age. 

3.  They  were  all  of  them  ewes  that  had 
had   twins   when   two  years    of    age. 

4.  They  were  all  mated  in  October  and  had 
their   lambs    in    March. 

It  was  found  that  with  very  few 
exceptions  these  ewes  continued  to  bear 
twins  or  triplets  every  year  with  hardly 
any  single  lambs.  The  few  failures 
were  transferred  to  the  farmer's  flock, 
and  we  now  find  that  the  adult  ewes 
of   Mrs.   Bell's   flock  constitute     a  true 


twin-bearing  stock.  They  always  give 
us  twins  or  triplets  with  hardly  a  sin- 
gle lamb,  and  the  twins  and  triplets 
born  are  found  to  be  in  the  autumn 
fully  the  equals  in  weight  of  single 
lambs,  showing  that  the  mother  yielded 
milk  enough  for  the  support  of  more 
than   one   lamb. 

We  are  uncertain  as  yet  whether  the 
twin-bearing  tendency  is  a  hereditary 
characteristic,  for  the  ewes  transferred 
to  the  farmer's  flock  were  mated  in 
December  and  very  few  of  them  have 
twins  born  in  ]\Iay.  The  flock,  how- 
ever, has  been  too  small  to  enable  us  to 
carry  out  experiments  to  determine  this 
point  with  certainty.  All  that  we  can 
say  is  that  Mrs.  Bell's  flock  can  be 
relied  upon  to  give  us  twins  and  triplets 
every  year  with  only  an  occasional 
reversion  to  single  lambs. 

For  example,  thirty-one  lambs  were 
born  this  year :  of  these  only  one  was 
a  single  lamb ;  twenty- four  were  twins 
(twelve  pairs)  ;  six  were  triplets  (two 
sets). 


Special  Notice 

Since  the  death  of  Mrs.  Bell,  Jan. 
3,  1923.  her  daughters  have  felt  the 
desirability  of  placing  the  multi-nip- 
pled  breed  of  sheep  in  the  hands  of 
breeders  who  would  be  interested  in 
continuing  Mrs.  Bell's  experiments  or 
in  preserving  the  two  hereditary  char- 
acters of  multi-nipples  and  twin-bear- 
ing for  future  use  in  the  improvement 
of  established  breeds,  to  which  these 
characters  could  be  be  added  to  ad- 
vantage. 

I  shall  be  glad  to  get  into  commu- 
nication with  institutions  or  with 
breeders  of  established  reputation  who 
are  in  a  position  to  utilize  in  a 
thoroughly  scientific  way  Mr.  Bell's 
multi-nippled    breed    of    sheep. 

—  [Editor.] 


HEREDITY  AND  TUBERCULOSIS 

A  Review 


A  GENERATION  ago,  it  was  al- 
most universally  supposed  that 
tuberculosis  was  due  to  heredity. 
Then  medical  opinion  was  led  astray, 
and  for  some  years  the  genetic  factors 
in  the  case  were  depreciated.  During 
the  last  decade  a  number  of  careful 
studies  have  corrected  this  mistake, 
until  it  is  now  clear  that  the  inheri- 
tance of  lack  of  resistance  is  one  of 
the  principal  cau.ses  of  death  from  con- 
sumption. 

While  in  the  United  States  last  year, 
Albert  Govaerts.  director  of  the  Office 
Beige  d'Eugenique,  made  a  study  of 
this  subject  at  the  Eugenics  Record 
Office,  and  his  results  have  been  pub- 
lished as  BnUciin  No.  23  of  that  office.' 
He  reviews  in  a  sketchy  and  inadecjuatc 
way  some  of  the  other  studies  of  the 
subject,  notes  the  important  work  of 
Sewall  Wright  and  P.  R.  Lewis  on 
guinea  pigs,  and  then  publishes  his  own 
contribution,  which  is  an  analysis  of 
familv  histories  taken  from  the  archives 
of  the  Eugenics  Record  Office. 

The  analogy  of  the  breeding  e.xperi- 
ments  agrees  very  nicely  with  the  con- 
clusions that  had  previously  been  drawn 
as  to  the  inheritance  of  resistance  to 
tuberculosis  in  man.  Tests  made  on 
more  than  100  guinea  ])igs  belonging 
to  five  closely  inl)red  families  show 
marked  differences  in  susceptibility 
among  the  different  families,  and  the 
rank  of  the  various  families  in  resjiect 
of  resistance  to  tuberculosis  bears  no 
relatif)n  to  their  rank  in  resjiect  of  the 
various  factf)rs  of  general  vigor.  It  is 
thus  clear  that  inde])?ndent  hereditary 
factors  are  involved  ;  moreover,  in  par- 
ticular crosses  the  average  of  the  pro- 
geny is  consistently  superior  to  either 
jiarental  line,  indicating  that  the  latter 
are    suscei)tible    for    different    reasons, 


each  being  able  to  supi)ly  what  the 
other  lacks.  In  general,  resistance  is 
dominant  over  susceptibility,  and  there 
is  equal  transmission  by  sire  and  dam. 
and  to  sons  and  daughters. 

When  the  various  races  of  mankind 
are  considered,  a  similar  state  of  af- 
fairs is  found.  Negroes  are  notorious- 
ly susceptible  to  consumption ;  so  are 
the  American  Indians,  and  in  general, 
all  the  aboriginal  ]>eoples  of  the  western 
b.en'.isphere,  who  have  been  exposed  to 
the  disease  only  since  149"2,  and  there- 
fore have  had  not  an  opportunity  to 
develop,  through  natural  selection,  a 
degree  of  immunity  or  resistance  which 
is  found  among  some  of  the  peoples  of 
the  Old  Word,  where  the  bacillus  has 
been  at  work  for  thousands  of  years, 
in  all  probal)ility.  And  among  the 
races  of  the  Old  World,  the  differences 
are  striking  enough :  Louis  Dublin  has 
pointed  out  that  in  the  state  of  New 
York  the  death  rate  from  tuberculosis 
among  the  Irish  is  some  four  times 
as  high  as  that  of  the  Russians  or 
Italians,  males  being  considered  in  each 
case. 

The  jiroblem  was  long  ago  attacked 
statistically  by  Karl  Pearson  and  asso- 
ciates, who  showed  in  a  number  of 
fundamental  i)apers  that  there  is  about 
as  much  resemblance  between  parent 
and  offsjiring.  in  ])revalence  of  tuber- 
culosis, as  there  is  in  respect  of  any  of 
the  commonly  accepted  inherited  traits 
such  as  eye  color  or  stature.  On  the 
other  hand,  the  resemblance  between 
husband  and  wife,  in  regard  to  tuber- 
culosis, was  not  great,  despite  their  pro- 
longed and  intimate  association.  All 
the  evidence  indicated  that  heredity, 
rather  than  mere  cf)ntact  with  an  in- 
fected person,  is  the  most  important 
factor  in  determining  the   incidence  of 


'  CarncKio  In.stitutc  of  Washington.  F!uKcnics  Record  Office,  Bulletin  Xn.  2.3.  The 
Hereditary  Factor  in  the  KtioloRv  of  Tuberculosis,  by  .Mbert  Govaerts.  M.  D.  Reprinted 
from  the  .American   Review  of   Tuberculosis.   September.   1922.   vol.  vi,  pp.   .547-.')6.'). 
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the  disease.  Raymond  Pearl  adds  that 
"a  tuherculous  ])crson.  chosen  at 
random  in  the  workini^  ])o])ulation  of 
Rakimore,  will  have  nearly  six  times 
as  many  hlood  relatives  tiil)erculous  as 
will  a  non-tuherculous  person." 

Su]i]ilementinjx  the.se  lines  of  investi- 
sjjation.  whose  extent  and  usefulness 
has  here  hardly  heen  hinted  at.  Dr. 
Govaerts  has  made  a  more  detailed 
analysis  of  •^14  families,  representinii:: 
S.f)"^!!  individuals,  in  which  occurred 
185  tuherculous  matings  and  2'.)  non- 
tuherculous  matings.  He  calls  "a  tuher- 
culous mating  one  in  which  the  father 
or  mother,  one  or  hoth,  are  tuherculous 
or  whose  fraternity  and  ancestrv  are 
tuherculous.  Xon-tuherculous  matings 
are  matings  in  which  no  memher  of  the 
family  is  tuherculous  or  helongs  to  a 
tuherculous  stock." 

The  individuals  are  classified  in  two 
groups,  "namely,  close  contact  and  non- 
close  contact  with  tulierculosis  of  the 
lungs.  Close  contact  means  a  close 
contact  with  a  case  of  tuherculosis  of 
the  lungs  during  the  whole  or  a  part 
of  life;  non-close  contact  inn)lies  the 
opposite."  If  infection  is  more  impor- 
tant than  hlood  relationshii),  then  most 
of  the  tuherculous  individuals  ought 
to  he  discf)vered  to  have  had  close  con- 
tact, more  or  less  ])rolonged,  with  some 
diseased  person. 

The  o]:)i)osite  is  the  fact.  The  larger 
numher  of  the  tuherculous  ])ersons  have 
not  heen  in  close  contact  with  a  "case." 
On  the  other  hand,  when  the  material 
is  classified  according  to  the  amount  of 
tuherculosis  in  the  ancestry,  the  fre- 
quency of  the  di.sease  among  the  chil- 
dren is  found  to  vary  directly  with  its 
frequency  among  their  forehears. 

The  unexjjected  result  is  develojjed 
that  the  influence  of  the  father,  in 
transmitting  weakened  resistance  to  the 
disease,  is  greater  than  that  of  the 
mother.  "Wherever  the  paternal  stock 
alone  is  known  to  he  tainted,  more  of 
the  children  show  active  tuherculosis 
than  when  the  maternal  alone  is  known 
to  he  tainted."  As  the  children  are 
much   more  closelv   associated   in    daih" 


life  with  the  mother  than  with  the 
father,  and  most  of  them  have  heen 
nourished  hy  her  milk  in  the  first  year 
of  life,  this  fact — if  suhstantiated — 
tends  still  further  to  show  the  relatively 
small  im])ortance  of  the  mere  matter 
ot  contact  or  exposure. 

Dr.  (io\aerts  discusses  somewhat 
\aguely  the  question  whether  the  re- 
sults of  his  studies  indicate  a  simple 
Mendelian  form  of  inheritance.  He 
reaches  no  conclusion,  and  his  material 
hardly  lends  itself  to  analysis  on  this 
])oint. 

<  )utlim'ng  his  own  inter])retation  of 
the  results  of  his  study.  Dr.  ( iovaerts 
says  : 

(hiv  canniit  maintain  ilial  thvrc  can  be- 
tubt-rculosis  without  infection,  but  various 
considerations  may  still  be  urged  to  support 
the  view  that  different  persons  have  the 
power  to  resist  the  infectitjn  in  different 
degree.s,  and  that  in  consumptive  families  a 
lack  of  resisting  power  is  transmitted  from 
gametes  to  children.  The  tubercle  bacillus 
is  everywhere  about  us.  S(jme  people  en- 
tirely escape  its  attack,  while  in  others  the 
disease  may  occur  in  such  a  slight  form  that 
the  person  attacked  recovers  from  it  with- 
out being  aware  that  anything  has  been 
wrong. 

Tuberculosis  is  not  an  inheritable  charac- 
ter in  the  sense  in  which  eye  color  is  in- 
heritable. It  belongs  to  a  second  kind  of 
heredity  called  indirect  heredity.  Infection 
and  immunity  are  causes,  but  they  do  not 
exclude  inheritance.  Biologically  speaking, 
people  inherit  directly  a  constitutional  make- 
up. ])ossibIy  functional,  chemical,  and  struc- 
tural, with  a  certain  amount  of  power  to 
resist  tuberculosis  or  other  related  diseases. 
Frorn  the  social  and  eugenical  point  of 
view  it  is  very  important  that  tuberculosis 
is  transmitted  approximately  in  a  Mendelian 
sense.  So  it  seems  possible  to  establish  some 
principles  based  on  the  law  of  averages. 

From  present  knowledge  no  one  is  able 
to  give  advice  to  normal  persons  or  one 
.-apparently  normal  for  a  contemplated  mar- 
riage. Advice  is  possible  only  in  extreme 
cases  anfl  we  need  still  more  minute  in- 
vestigations and  studies.  Xevertheless,  it 
will  be  useful  to  dissuade  marriage  be- 
tween two  stocks  in  which  the  same  de- 
fect is  apparent.  In  such  stocks  consan- 
guineous marriages  arc  dangerous.  A 
tuberculous  subject  will  find  more  advantage 
for  his  progeny  by  marrying  a  person  be- 
longing to  a  resistant  strain.  Eugenical 
marriages  should  be  between  normals  and 
those   free    from  defects. 

P.MT,    Poi'ENOE. 
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ARTIFICIAL  \'ARIETIES  UNDER  NATURAL 

CONDITIONS 

Can  the  Bud  Sports  of  the  Boston  Fern  Thrive  Under  Conditions 

of  Natural  Selection? 

1\.   C".    P)i;.\Ki)Kr 
l'rookl\}i   /'ofaiilc  (iardrii. 


IN  AX  article  puljlished  as  a  leaf- 
let of  the  Brooklyn  Botanic  Gar- 
den (Series  X  No.  3.  1922),  the 
suggestion  was  made  that  it  would  he 
a  matter  of  considerahle  interest  to 
determine  ex])erimentally  whether  any 
of  the  horticultural  forms  of  the  Bos- 
ton fern,  produced  hy  the  artificial 
selection  of  florists,  would  he  ahle  to 
stand  the  test  of  natural  conditions ; 
in  other  words,  whether  they  are  fit 
to  survive  on  the  basis  of  natural 
selection.  It  was  further  suggested 
that  such  a  test  might  easily  be  made 
by  setting  out.  say  in  Florida,  under 
favorable  wild  conditions,  a  selection 
of  the  stronger  cultivated  types.  Fol- 
lowing the  distribution  of  the  leaflet  a 
letter  was  received  from  Mr.  Charles 
T.  Simpson  of  Little  River.  Florida, 
which  bears  directly  on   the   ])n)l)lem: 

Your  letter  of  July  i  and  the  accom- 
panying fern  papers  reached  me  in  due 
time  but  I  am  a  very  busy  old  man  and 
my  eyes  trouble  me  so  I  can  read  but 
little.  Today  I  have  just  glanced  over  the 
papers    which    are    very    interesting. 

I  have  lived  on  this  place,  which  has 
a  couple  of  acres  of  hammock,  for  twenty 
years.  When  I  came  here  Xcplirolcpis 
r.valtata  grew  sparingly  in  a  part  of  my 
hammock  and  on  the  two  cabbage  palmettos. 

Perhaps  twelve  years  ago,  I  cannot  re- 
member, I  turned  out  of  my  slat  house  a 
plant  of  the  form  you  call  IVhltinani  into 
a  part  of  the  hammock  which  had  no 
cxaltata.  but  not  more  than  six  or  seven 
rods  from  a  patch  of  it.  I  think  I  put  out 
only  a  single  plant. — certainly  very  few — 
but  now  the  ll'hitmani  covers  irregularly 
over  two  square  rods  of  the  floor  of  the 
forest.  It  is  a  rather  open  hammock  and 
not  so  favorable  for  ferns  as  if  it  were 
thick  and  damp. 

At  least  seventy-five  per  cent  of  these 
ferns  hold  to  the   ll'liiliiiaiti  tyi)e   fairly   well. 


Now  and  then  there  is  a  pure  (  ?)  cxaltata 
and  there  are  some  intermediates.  I  am 
enclosing  a  few  specimens.  It  is  possible 
that  spores  from  the  cxaltata  may  have  been 
borne  by  wind  or  other  means  and  lodged 
among  the  IVhitmaiii;  that  they  may  have 
grown  and  made  some  of  the  plain  plants. 
A  few  of  the  ll'hitinaui  plants  are  grow- 
ing naturally  a  short  distance  above  ground 
on  trunks  of  trees,  not  more  than  a  foot 
or   so. 

The  accompanying  illustration  shows 
the  leaves  sent  in  by  Mr.  Simpson. 
.\s  will  be  seen,  they  manifest  variable 
and  irregular  division  from  plain  once- 
pinnate  to  twice-pinnate.  Typical 
IVhitmani  develops  thick,  plumy,  thrice- 
pinnate  leaves  under  the  best  green- 
house conditions,  but  when  grown  in 
untoward  circumstances,  and  especially 
in  reverting  strains,  it  will  produce 
leaves  of  the  type  shown.  It  is  not 
to  be  expected  that  the  dense  leaves 
of  the  favorable  florists'  environment, 
— rich  soil,  absence  of  competition, 
moist  air. — would  be  reproduced  un- 
der open  conditions  of  a  drafty  ham- 
mock. 

It  d(jes  not  follow  that  the  plants 
showing  only  once-pinnate  leaves  are 
necessarily,  as  suggested  by  Mr.  Simp- 
son, true  wild  cxaltata.  The  leaves 
sent  in  aj^jieared  much  too  thin  for  the 
wild  tvpe.  In  a  reverting  strain,  IVhit- 
mani will  normally  produce  occasional 
crowns  with  i)ractically  comi)lete  rever- 
sion. I  could  duplicate  the  series  of 
leaves  shown  by  a  selection  of  leaves 
from  one  pot  of  reverting  JVhitinaui 
in  the  Brooklyn  Botanic  Garden  cul- 
tures. The  plain  once-divided  leaves 
of  such  a  plant  of  reverting  IVhitmani 
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are  always  thinner  than  leaves  of  wild 
cxaltata  grown  under  identical  condi- 
tions and  differ  further  in  that  they 
produce  no    fertile   sporangia. 

Two  points  are  of  si)2cial  interest 
in  connection  with  these  plants  i-e]:)orted 
by   Mr.    Simpson : 

First,  that  a  rather  delicate,  green- 
house variety  of  Boston  fern. 
IVhifiiiani,  has  maintained  itself  and 
increased  over  a  period  of  twelve  years 
under  conditions  of  natural  competition. 

Second,  that  the  ])lants  have  retained 


an  approximation  of  the  typical  form 
of  the  leaf.  Given  l)est  greenhouse 
conditions,  it  is  almost  certain  that 
these  naturalized  ])lants  would  show 
the  typical  plume  ty]X'  of  the  normal 
]Vhitinani. 

If  any  reader  is  in  a  position  to 
make  a  more  extended  test  of  other 
varieties,  I  shall  he  glad  to  send  a 
selection,  including  some  new,  un- 
named types,  which  would  answer  all 
the  requirements  of  specific  distinction, 
according   to   descri])tive   taxonomy. 


FURTHER  POINTS  ON  THE  RELATION 
OF  CYTOLOGY  AND  GENETICS 


]'.     W".     WHITIXG 

l(n<'a   Child   ]\'cliurc   RcscarcJi   Station. 


IN  VIEW  of  the  recent  announce- 
ment of  G.  H.  Shuir't  that  he  has 
actually  found  crossing  over  in 
Oenothera,  the  remarks  of  R.  Rug- 
gles  Gates'  in  reference  to  the  cyto- 
logical  conditions  should  be  consid- 
ered. Gates  (p.  76)  states,  "As  is  well 
known,  in  Oenothera  the  chromosomes 
form  a  chain  end-to-end  like  a  string 
of  sausages,  and  when  they  ultimately 
come  to  be  side-by-side  in  diakinesis 
they  are  already  in  the  short  and  stout 
condition  in  which  twisting  about  each 
other  is  impossible.  This  is  a  very 
disturbing  fact  for  those  who  write 
about  'crossing  over'  in  Oenothera." 
Just  why  geneticists  should  be  dis- 
turbed by  an  end-to-end  arrangement 
of  sausage-like  chromo.somes  I  am  un- 
able to  understand.  It  is  obviously  up 
to  those  who  insist  on  some  other  ex- 
planation of  crossing  over  than  that 
usually  held,  to  show  that  these  sau- 
sage-sha])ed  chromosomes  are  of  the 
same  constitution  as  those  that  en- 
tered into  synapsis.  The  fact  that  the 
diploid    number    should    occur    in    late 


])rophase  preceding  the  lirst  matura- 
tion or  heter()tyi)ic  division  throws  no 
light  U])on  the  stages  when  crossing 
over  occiu's. 

Crossing  Over  in  Fine   Thread  Stage 

IMough*  (p.  187)  from  temperature 
experiments  with  Drosophila,  has 
shown  that  crossing  over  occurs  at  a 
very  early  stage  when  the  chromatin 
threads  are  extremely  tenuous,  "in 
what  resembled  a  late  leptotene  or 
early  diplotene  condition  in  other 
forms."  Such  stages  have  not  as  yet 
been  ade(|uately  studied  in  Oenothera. 
Refering  to  this  genus  in  an  earlier 
l)aper'  (p.  11)  Ciates  writes,  "in  the 
earlier  stages  .  .  .  .jjarailel  threads 
could  not  be  observed,  and  it  has  not 
been  determined  whetiier  they  were 
really  absent  or  whether  the  failure  to 
observe  them  was  due  to  their  ex- 
treme delicacy."  W'enrich's'  careful 
studies  on  leptotene  and  zygotene 
stages  in  s])ermatocytes  of  the  grass- 
ho])i)cr.  rhrynoteltix.  which  is  cvi- 
dentlv    verv    favorable    material,    have 


*A  reply  to  "Some  Points  on  the   Relation  of   Cytoli>i{\    and   (ienctics."   I)y   R.   R.   Ciates, 
in  The  Journal  of  Heredity   for   February,   l'.»22. 

t  For  Numbered  References,  see  JJleralure  Cited,  at  end  of  article. 
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clearly  shown  jiarasynapsis  of  very 
hne  threads,  but  in  view  of  the  ditifi- 
culty  of  fixation  in  much  botanical 
material  it  is  not  surprisinjj;-  that  this 
l)henonen]()n  has  not  been  more  widely 
observed. 

Structure  of  First  Maturation 
Chromosomes 

The  number  of  elements,  chroma- 
tids, present  in  the  chromosomes  of 
the  heterotypic  division  seems  to  be  a 
bone  of  contention  among-  cytologists. 
Zoologists  have  for  the  most  part,  at 
least  recently,  held  that  there  are  four. 
and  have  hence  designated  these 
chromosomes  as  tetrads.  Botanists,  as 
in  the  case  of  Gates,  perhaps  because 
their  material  is  not  so  easily  fixed. 
have  usually  been  unable  to  see  more 
than  two  elements  at  this  stage,  and 
have  consequently  preferred  the  term. 
bivalent  chromosomes.  Recently,  how- 
ever, Taylor'  in  a  preliminary  report 
on  the  organization  of  heterotypic 
chromosomes  of  the  Liliaceous  genus 
Gasteria,  states  that  clefts  appear  in 
the  ends  of  the  metaphase  chromo- 
somes, separating  monads,  and  that 
the  latter  are  completely  separated  at 
anaphase.  The  conclusion  is  therefore 
unavoidable  that  in  this  plant  material 
at  least  the  first  maturation  chromo- 
somes are  tetrads  in  structure.  The 
term  bivalent  may  well  be  retained, 
nevertheless,  to  denote  origin. 

Failure  to  reveal  the  tetrad  nature 
in  many  cases  is  evidence  merely  that 
the  chromatids  tend  to  associate 
much  more  closely  in  pairs  than  the 
pairs  associate  with  each  other.  To 
use  a  chemical  analogy,  we  might  sa\ 
that  the  valence  of  each  chromatid  is 
more  or  less  satisfied  by  very  close 
union  with  one  other  chromatid. 
Homologous  or  sister  pairs  may  then 
be  more  loosely  associated  giving  the 
ai)pearance  of  double  elements  which 
are  really  (|uadru])le. 

Structure    of    Spirene    Chromosomes 

A  comi)arable  situation  is  to  be  ob- 
served in  si)ireme  stages,  preceding- 
maturation.     It  is  often  stated  that  tin- 


homologous  chromosomes  twist  about 
each  other  in  long  threads.  This  is 
only  partl\-  true  as  I  have  pointed  out 
in  the  spermatogenesis  of  Culex."  Two 
twisted  chromatin  threads  indeed  ap- 
l^ear.  but  each  of  these  threads  con- 
sists in  an\-  loo])  of  two  tightly  fused 
elements,  chromatids.  While  the 
threads  in  one  loop  may  rej^resent  por- 
tions of  h(jmologous  chromosomes, 
the  threads  of  the  next  loop  may  rei;re- 
sent  fused  daughters  of  homologues. 
In  other  words  the  chromatids  have 
changed  partners  at  the  apjjarent  point 
of  junction.  The  spireme  chromo- 
some then  is  really  a  tetrad,  for  it  is 
made  uj)  of  four  elements. 

Spireme  Structure  and  Crossing  Over 

The  fundamental  (juadrui)le  nature 
of  the  early  spireme  thread  is  of  im- 
portance in  relation  to  genetics. 
Bridges'  (p.  134)  from  a  study  of 
equational  non-disjunction  has  shown 
that  non-disjunction  of  the  ecjuational 
and  of  the  ordinary  reductional  type 
may  occur  at  the  same  time  in  the 
same  "pair"  of  chromosomes.  This 
necessitates  crossing  over  in  the  four- 
strand  .stage.  "It  is  impossible  that  a 
non-cross  over  and  a  cross  over 
chromosome  come  from  a  cell  in  which 
only  two  strands  are  present.  There- 
fore the  proof  that  thesi^  exceptions 
arise  from  XX  (or  XXV)  oocytes 
would  at  the  same  time  prove  that 
crossing  over  took  place  in  this  man- 
ner at  a  four  strand  stage."  But  since 
Plough's  results  show  crossing  over 
to  occur  very  early,  we  will  perhaps 
have  to  conclude  that  even  the  zvgo- 
tene  threads,  although  ai)])arentlv  dou- 
ble, are  really  quadrui)le.  the  double 
appearance  being  due  to  the  same 
principle  of  "satisfied  valence"  which 
causes  the  later  spireme  also  to  ajjpear 
double  and  the  diakinesis  tetrads  in 
some  cases  to  appear  as  "dyads." 

Robertson'  has  reported  precocious 
splitting  of  anaphase  chromosomes  in 
the  last  spermatogonial  division,  a 
cytological  fact  which  may  be  taken 
as   evidence   of   double   nature   of   lep- 
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totene  threads  and  hence  of  quadruple 
nature  of  zygotene  threads. 

If  "change  of  partners"  occurs  be- 
tween the  four  zygotene  elements  in 
various  parts  of  their  length,  the  ex- 
treme tenuity  of  the  threads  may  here 
])ermit  permanent  breaks  and  re- 
fusions at  the  points  of  exchange,  giv- 


ing a  basis  for  crossing  over  which  is 
lacking  in  later  stages,  although 
"change  of  partners"  takes  place  there 
also.  Relative  differences  in  conden- 
sation of  threads  at  time  of  synapsis 
may  therefore  explain  occurrence  of 
crossing  over  in  one  sex  and  its  fail- 
ure in  another. 
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Discovery  Made   Simultaneously  By  Independent   Investigators 

In  the  two  following  articles  on 
defective  endos])erm  in  maize  it  seems 
jirobable  that  the  authors  have  inde- 
])endently  discovered  the  same  charac- 
ter, seeds  that  germinate  on  \\\2  cob. 
Further  experiments  would  be  neces- 
sary to  prove  definitely  the  similarity 
of  the  two  defects.  It  is  interesting  if 
they  have  found  the  .same  character  in 
two  distinct  varieties  of  sweet  corn, 
and  it  is  even  more  remarkable  that 
the  mailing  of  the  manuscripts  (k'scrib- 


ing  this  (lisco\ery  was  so  timed  that 
they  both  reached  us  on  the  same  day. 
Not  being  gifted  with  Soloman's 
wisdom,  we  have  avoided  the  rather 
complicated  (juestions  (»f  priority  in- 
volved by  awarding  the  baby  simul- 
taneously to  both  mothers,  as  it  were, 
and  have  i)rinted  the  two  articles  in  the 
same  issue.  Since  Dr.  Manglesdorf's 
maiuiscri])t  arrived  a  few  hoiu's  before 
Dr.  Lindstrom's.  we  are  .giving  the 
former   jjriority   of    place. — /id  it  or. 


THE  INHERITANCE  OF  DEFECTIVE 
SEEDS  IN  maize; 

I'.   C    Maxc.klsdokf 
Coiiiiccticiit   A(/ri('i(ltitraI    l\xpcr'nncui   Station,  New  Haven. 


D\\VVX'\'\\'V.  seeds  are  herital)le 
variations  in  maize  in  which  the 
endosperm  is  lacking  or  is  in- 
complete or  abnormal  in  its  develop- 
ment. These  characters  w^ere  first 
rejiorted  in  the  Journal  of  Heredity  by 
Jones."  who  ol)served  them  in  several 
varieties  of  corn  that  had  been  self- 
fertilized  for  the  first  time.  Crosses 
made  by  him.  and  later  generations 
classified  by  the  writer  have  shown  that 
there  is  more  than  one  type  of  this 
abnormality,  and  the  first  four  de- 
fectives studied  have  been  found  to  be 
genetically  distinct. 

In  the  past  few  years  many  experi- 
ment stations  have  begun  projects  for 
the  improvement  of  corn  by  selection 
in  self-fertilized  lines.  Altogether, 
more  than  six  thousand  strains  of  corn 
have  been  inbred  for  this  purpose. 
This  inbreeding  has  brought  to  light 
many  recessive  variations,  previously 
covered  up  by  the  remarkable  heter- 
ozygosity which  exists  in  the  average 
variety,  and  among  these  recessive 
variations  there  have  been  a  large 
number  of  defective  seed  types.  De- 
fective seeds  have  appeared  in  all  the 
so-called  sub-species  of  maize  with  the 
possible  exception  of  tunicata  and  in 
more  than  thirty  representative  Ameri- 
can varieties  as  well  as  in  several 
varieties  from  S])ain  and  one  from 
Peru.  During  the  summer  of  1922 
crosses  were  made  between  many  of 
these  defectives  and  the  four  types 
originally  tested  at  the  Connecticut  sta- 
tion in  order  to  determine,  if  possible, 
the  number  of  distinct  genetic  factors 
involved.       Between     fiftv     and     sixtv 


crosses  have  been  made  and  in  only 
one  of  these  have  the  results  been  such 
as  to  indicate  that  the  two  defectives 
which  entered  the  cross  were  genetical- 
ly alike.  It  appears,  then,  that  there 
are  many  ditl'erent  factors  involved 
which  cause  defective  seeds  in  maize. 
.\.  l)rief  description  of  several  charac- 
teristic  types    follows : 

Classification  of  Defectives 

The  defectives  show  varying  degrees 
of  development.  There  are  types 
ranging  from  those  which  consist  of 
only  a  transparent,  empty,  pericarp 
with  scarcely  a  trace  of  endosperm 
tissue,  to  others  in  which  the  develop- 
ment is  but  slightly  less  than  normal. 
There  are  others,  even  more  extreme, 
in  which  the  seed  develops  almost  nor- 
mally but  fails  to  go  into  the  rest- 
ing stage  and  germinates  on  the  ear. 
Between  these  two  extremes  are  all 
gradations,  and  within  each  type  is 
a  certain  amount  of  variation,  so  that 
it  is  often  impossible  to  se]:)arate  two 
such  types  when  they  occur  on  the 
same  ear. 

The  defectives  may  be  roughly  clas- 
sified into  three  groups  as  follows : 

1.  Com])lete  defectives:  those  in 
which  the  development  of  the  ovule  is 
arrested  shortly  after  fertilization. 

2.  Partial  defectives ;  those  in 
which  development  proceeds  until  a 
certain  amount  of  endosperm  tissue 
has   been   laid  down. 

3.  Germinating  seeds ;  those  in 
which  the  mature  seed  fails  to  go  into 
the   resting   stage. 


'  Contribution    from   the    Bussey    Institution,    Harvard    University. 

"Jones.   D.   F.     Heritable   Characters  of   Maize;   Detective   Seeds.     Journal  of  Heredity, 
vol.   xi,   Xo.   4.      1920. 
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ICoth    T,\  IMS 


A  CROSS  BETWEEN   TWO  TYPES   OF    DEFECTIVE    ENDOSPERM 

I-"i(.iKK  11.  'Ilu-Si-  rais  arc  home  oii  plants  of  tlie  Inst  hybrid  jjiiKratiini.  l)ut  hccaiiM' 
of  tlic  phciioniLiioii  of  douhlc  fertilization  in  niai/.e  the  endospirni  of  these  grains  is  of  second 
fiencration  tissue.  Only  one  type  of  defective  grains  occurs  on  some  ears,  while  on  otiiers 
i)oth  tvpes  are  found.  On  the  ears  on  whicii  hotli  types  occur  they  are  in  a  '.i:7  ratio,  provinit 
that  tile  two  difects  are  treneticall\    distinct. 


Description  of  Characteristic  Types 

.\  typiral  rc'iifcsnitativc  of  the  first 
i^jroii])  is  diK'  which  Junes  first  <th- 
scrved  in  a  comiiKtnly  _sfr(>\vn  New 
Eni,'laiul  \arii'ty.  Century  Dent.  This 
particular  defective  is  little  more  than 
an  ein])t\-  pericarp,  altliout^Mi  uiuler 
certain  favoiahle  eoiuhtions,  it  does 
fonu  a  traee  of  endosi)enn  tissue.  The 
seeds  have  a  very  small  emhi'yo.  scarce- 
ly visihle  except  under  the  microscope, 
hut  a])pafently  (|uite  normal  in  struc- 
ture.     When    kL']»t    in    a    ijcrminator   at 


optimum  conditions  of  tcmpLTatiue  and 
moisture,  these  ahorted  seeds  show  a 
]L,'erjnination  of  ahout  twelve  \K'y  cent. 
I  he  seedlinijs  are  e.xtreiuely  weak,  as 
shown  in  the  illustration,  and  in  many 
cases  are  imahle  even  to  hurst  through 
the  i)ericarp.  Hecau.se  of  tiie  almost 
complete  ahsence  of  an  availahle  food 
supply,  these  seedliniLjs  survive  Init  a 
few  days.  it  has  heen  |M»ssihIc  to 
prolonp  their  jK'riod  of  development 
hy  growing  them  in  a  nutrient  ajjar. 
and    it    might    he    possihle    hy    grafting 
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"PURE" DEFECTIVES 

FniiKK  I'i.  '1'Ik-  I'.llial  actimi  of  nuiny  of  ttn'sc  delects  of  tlie  ciulo^iKini  is  sucli  tliat  it 
is  impossible  to  <>erniinate  seed,  inucli  less  to  raise  homozygous,  or  genetically  pure  defectives. 
However,  partial  defectives  contain  enough  endosperm  so  that  it  is  possible  to  raise  plants 
frf)m  such  seed.  ( )n  sucli  plants  all  of  the  seeds  arc  defective  when  the  car  is  self- 
pollinated  or  when  cro^s  pollinated  witii  pollen  from  other  defective  plants.  On  the  left  is 
an  ear  segregating  for  partially  defective  grains ;  in  the  center  is  a  self-poUinatcd  homo- 
zygous car  of  the  "partial  defective,"  and  on  tlie  right  is  a  cross  pollinated  ear  from  such 
a  homozygous  i)lant. 
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on  to  a  normal  endosperm,  to  hring 
them  to  maturity.  Such  an  experiment 
would  show  whether  the  lethal  action 
of  the  defectives  is  merely  one  of  an 
insufficient  food  supply  or  whether 
other  factors  are  involved. 

For  the  second  group,  a  defective 
which  also  appeared  in  the  variety 
Century  Dent,  is  typical.  In  this  type 
the  development  of  the  recessive  seeds 
is  halted  only  after  a  considerahle 
proportion  of  the  endosperm  tissue  has 
been  laid  down.  It  is  impossible  to 
determine  whether  a  plant  is  segregat- 
ing for  this  defective  until  the  seeds 
have  reached  the  soft  dough  stage, 
while  in  the  case  of  the  type  described 
above  the  aberrant  seeds  can  usually 
be  identified  soon  after  pollination.  The 
seeds  of  the  partial  defective  are  al- 
most normal  in  size  but  lack  the  lustre 
of  fully  developed  kernels.  The  peri- 
carp attains  almost  complete  develop- 
ment and  since  the  endosperm  fills  it 
only  partially,  the  defectives  have  a 
shrivelled  appearance.  They  are  read- 
ily distinguished  from  normal  seeds  on 
the  same  ear  and  separation  of  the  two 
tvpes  can  be  very  accurately  made. 
The  development  of  the  embryo  in 
these  abortive  seeds  is  apparently  nor- 
mal in  every  respect  and  they  show 
a  germination  of  eighty  to  ninety  per 
cent  under  optimum  conditions.  The 
seedlings,  however,  are  very  weak  and 
under  field  conditions  seldom  emerge. 
Even  in  the  greenhouse  most  of  them 
die  in  several  weeks.  When  the  most 
vigorous  seedlings  are  "nursed"  along 
in  the  greenhouse  and  later  trans- 
planted to  the  field,  it  is  possible  to 
mature  a  few  plants.  An  ear  from 
such  a  homozygous  plant  is  shown  in 
the  illustrations.  Ai)parently  the  lethal 
action  of  this  defective  is  jnirely  (tne 
of   an   insufficient    food  sup])ly. 

This  partial  defective  has  been 
crossed  with  the  comjilete  defective 
which  a])pcared  in  the  same  variety 
and  which  has  already  been  described. 
The  first  generation  of  such  a  cross 
was  normal.  In  the  second  genera- 
tion   several    of    the    ears    were    segre- 


GERMINATING  SEEDS 

ruiiKE  i;{.  This  iKwly  discovi-rcd  type  of 
(Icfcctiyc  kernels  is  characterized  by  the  fail- 
ure of  the  embryo  to  go  into  a  resting 
stage.  The  Rrowinp  embryo  stretches  the 
pericarp  and  in  extreme  cases  ruptures  it. 
These  grains  have  a  characteristic  swollen 
appearance,  and  arc  lighter  in  color  than  the 
other  grains  on  the  same  ear.  When  the 
;ar  is  harvested  the  embryo  in  these  seeds, 
dies   from   lack   of   water. 


SIX  TYPES   OF   DEFECTIVE   SEEDS 

Figure  14.  All  seeds  in  each  horizontal  row  are  from  the  same  plant.  There 
arc  many  types  of  defective  endosperm  in  maize,  ranging  from  those  which  exhibit 
only  a  transparent  empty  pericarp,  to  those  in  which  development  is  slightly  less 
than  normal.  These  varying  degrees  of  defectiveness  are  not  the  diverse  expres- 
sion of  the  same  hereditary  character,  but  each  is  inherited  as  an  independent  unit. 
Several  of  these  defects  can  be  brought  together  on  the  satnc  ear,  when  their  dis- 
tinctive characteristics  are  all  retained. 
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GERMINATION    OF    NORMAL    AND    DEFECTIVE    SEEDS 

I'll, I  UK  1").  W'liL'ii  kc'iit  ill  an  iiHuhator  complctt-  (IctfOtivcs  show  a  .^.Tininatioii  of  only 
about  twelve  per  cent.  Tlie  illustration  shows  some  of  the  defectives  which  haw  germinated 
compared  with  normal  grains  from  the  same  ear.  L'nless  transferred  to  nutrient  agar  the 
defectives  proceed  no   farther  than  the  stage  shown   in   the  photograph. 


i;atin^-  for  two  types  of  (lefecti\es  in 
appro.xiniately  a  nine-seven  ratio,  .show- 
ing" that  the  two  types  are  j.;"enetically 
distinct  and  not  merely  the  same  char- 
acter associated  with  different  conil)i 
nations  of  modifying;"  factors.  lite 
two  tyi)es  have  also  each  heen  crossed 
with  some  fifteen  other  defectives  from 
various  sources  and  ap])ear  to  he  dis- 
tinct from  all  of  them.  althoui,di  so 
closely  re.semhlini^'  .several  of  them  a^ 
to  he  indistinf^uishahle. 

The  third  j.;;roup  of  defectives  we 
ha\e  called  i/cnninati)i(/  seeds.  The 
factor  for  i^ferminatinji;  seeds  ])revents 
the  mature  ovule  from  j,'oin.ij  into  the 
restin}.j;  stajjje  and  approximately  one- 
fourth  of  the  seeds  on  a  sei^Me^atinj,' 
ear   I'.eiiin    to   irerminate    whi'e    ^till    at- 


tached to  the  rachis.  L'suallx'  the 
emhryo  j^rows  onl\'  enoui^h  to  stretch 
till'  jiericarj)  and  i;i\e  the  seed  a  swol- 
len ap])earance.  hiu  in  extreme  cases 
the  ])ericarp  is  hurst  and  a  well-defined 
root  and  shoot  are  formed.  The  char- 
acter was  first  ohserved  hy  Jones  on 
a  self -pollinated  ear  of  a  small  New 
iMii^land  \ariety,  Canada  Mint.  It  is 
not  at  all  tnnisual.  esi)ecially  in  New 
iMi^land.  to  tind  ears  in  the  field  on 
which  part  of  the  seeds  have  j,'ernii- 
nated.  Ordinarily  when  this  occurs 
the  .tjerminatiiiij  seeds  are  conlined  to 
a  local  re,!:,n{»n  of  the  ear  which  lias 
not  dried  out  thor<»u,!.,dily.  C)n  this 
particular  specimen,  however.  the 
i^erminatin,!.,'  seeds  were  scattered  at 
random    throuj^hout    the    ear    and    oc- 
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curred  in  the  apijro.xiniale  proporlion  of 
three  non-ji^emiinatiiii^  to  one  germi- 
natinjj;.  I'he  normal  seeds  from  this 
segrei^atiiiii-  ear  were  planted  in  1922 
and  the  ahnormalit}-  a.<;ain  a])])eared. 
indicating  that  it  is  inherited  and  not 
merely  the  result  of  environmental  con- 
ditions. On  the  other  hand,  the  char- 
acter is  ])r()l)al)]y  one.  which,  thoiis^di 
^genetically  present,  would  manifest  it- 
self only  under  certain  environmental 
conditions.  In  a  dry  season  it  mij^ht 
never  appear,  althoui;h  the  factors  for 
germinating  seeds  were  constant]\- 
present. 

Germinating  seeds  ha\e  been  ol)- 
served  in  only  two  \arieti:'s  at  the 
Connecticut  station  and  it  has  not  vet 
been  determined  whether  the  two  are 
alike  or  distinct. 

In  the  variety  Canada  Mint,  there 
is  some  relation  between  germinating 
seeds  and  the  ])roduction  of  vellow 
color  in  the  endosperm.  The  ear 
on  which  the  germinating  seeds  w?re 
first  observed  was  homozygous  for 
yellow  endosperm.  The  following  sea- 
son all  of  the  germinating  seeds  were 
white.  The  relation  is  pro!jal)]v  a 
physiological  one  which  has  been  ac- 
centuated by  the  inbreeding.  If  it  is 
true  genetic  linkage,  then  a  mutation 
for  white  seeds  must  have  occurred 
and  this  mutation  is  completely  linked 
with  the   factor   for  germinating   seeds. 


Another  season's  result  should  show 
definitely  whether  such  is  actually  the 
case. 

(terminating  seeds  are  just  as  lethal 
in  action  as  the  other  extreme  type 
ot  defective  in  which  there  is  no  food 
su])]-)ly.  The  aberrant  seeds  die  when 
the  ear  is  harvested  and  the  moisture 
sui)i)ly  cut  otif.  It  might  be  possible 
to  transfer  the  germinating  seeds  di- 
rectly to  the  greenhouse  in  the  fall 
and  mature  the  character  in  a  homo- 
zygous condition  during  the  winter 
months,  but  under  ordinary  field  con- 
ditions  it   is  a   very  etifective   lethal. 

Defective  Germplasm  Wide-Spread 

1  he>e  many  types  of  defective  seeds, 
of  which  the  three  here  described  are 
typical,  are  but  an(jther  example  of 
defective  germplasm  which  mav  l)e 
wides])read  in  any  naturally  cross- 
fertilized  crop.  Almost  any  field-polli- 
nated ear  of  corn  shows  a  few  defec- 
tive seeds.  Ordinarily,  these  escape 
attention,  or  if  noticed,  are  attributed 
to  the  effects  of  incomplete  pollination 
or  other  external  factors.  Some  of 
them  no  doubt  are  due  to  environ- 
mental conditions,  but  many  are  defi- 
nitely inherited.  It  is  in  the  bringing 
to  light  of  such  recessive  abnormalities, 
and  in  the  eliminaticjn  of  inferior  germ- 
l^lasm,  that  inbreeding  is  of  greatest 
value  as  a  means  of  permanent  im- 
provement. 


Genetics  in  Russia 


ALABOKATORY  of  ICxperi- 
mental  Zoology  and  Genetics 
has  been  established  in  Petro- 
grad,  under  the  direction  of  Professor 
I.  A.  Philiptchenko.  In  Moscow  a 
eugenics  society  has  been  organized, 
which  also  jHiblishes  a  bulletin  period- 
ically. The  cover  of  this  bulletin  is 
ornamented  with  the  portraits  of  I'>as- 
mus     Darwin,     Charles      Darwin     and 


Francis  Galton.  As  Fritz  Lenz  re- 
marks, in  communicating  this  notice, 
there  is  food  for  thought  in  the  adop- 
tion by  a  Soviet  organization  of  these 
l)atrons  of  science,  all  three  of  them 
representatives  of  the  English  landed 
gentry  and  owing  to  inherited  wealth 
their  freedom  to  devote  themselves  tt> 
research   in   evolution. 


NoriiKil    I'.iiir 


li-r)M'ti\<'    Kiir 


SEGREGATION  OF  FLINT-DEFECTIVE  GRAINS 
l-K.iKK  I.;  Tlu-  normal  Rrains  arc  a  dark  yellow,  while  the-  defective  grams 
are  lighter  in  color  and  smaller.  The  Rermination  of  the  defective  Rrains  is  very 
poor,  and  all  that  do  germinate  produce  alhino  plants  (see  I-igure  20).  I  he  study 
(.f  this  defect  has  been  rendered  difficult  because  of  the  sterility  of  the  pcillen  m  this 
inbred  strain.     See  p.   i:i(). 


HERITABLE  CHARACTERS  OF  MAIZE 

XIII— ENDOSPERM  DEFECTS— SWEET  DEFECTIVE  AND   FLINT 

DEFECTIVE 

K.     W .    LlM)STKt)M 

loica   State    College,   .lines. 


IN  THE  course  of  some  iiil)reeding 
experiments  with  maize,  certain 
unusually  distinct  types  of  defec- 
tive kernels  were  isolated  in  commercial 
varieties  of  sweet  and  flint  corn.  These 
were  merely  a  few  of  the  abnormal 
types  that  appear  in  any  naturally 
cross-fertilized  crop  like  corn  whenever 
inbreedine^  is  practised.  These  defec- 
tive kernels  are  always  recessive  to  the 
normal  kernel  type  in  inheritance.  Their 
recessive  nature  enables  them  to  persist 
indefinitely  in  the  heterozygous  condi- 
tion. Dominant  types  may  possibly 
occur,  but  obviously  such  mutants  are 
unable  to  rejjroduce  their  kind,  since 
the  defective  kernels  usually  fail  to 
germinate,  or  produce  such  weak  seed- 
lings that  they  eventually  perish.  Thus 
ai:y  dominant  mutants  that  arise  fail 
to  pass  the  defect  to  succeeding  gene- 
rations. 

The  most  outstanding  type  of  defec- 
tive grain  occurred  in  an  inbred  strain 
of  the  Golden  Bantam  variety  of  sweet 
corn.  This  variety  is  noted  for  its 
stability  of  type,  not  only  in  its  re- 
markable quality  as  a  table  variety  of 
sweet  corn,  but  also  in  its  morphologi- 
cal characteristics.  Its  deep  yellow 
cn(losi)erni.  eight-rowed  condition, 
suckering  habit  and  its  earliness  are 
all  extremely  well  impressed  on  the 
variety. 

Inheritance    of    the    Sweet-Defective 
Type  of  Endosperm 

In  191 9  there  occurred  a  single  ear 
among  several  hundred  self-i)ollinated 
ears  of  a  commercial  varietv  of  Golden 


P)antam,  which  showed  an  unusually 
sharp  segregation  of  normal  and  defec- 
tive kernels.  .\n  actual  count  gave 
134  normal  and  50  defective  grains. 

These  otY-type  kernels  possessed  a 
small,  stunted  embryo  and  about  half 
the  usual  amount  of  endosperm.  In  the 
roasting-ear  stage,  the  defective  kernels 
were  almost  as  plump  as  the  normal 
but  they  showed  a  peculiar  mottling  of 
brown  in  the  endosperm  (Figure  IT). 
On  drying,  they  shrink  to  about  half 
the  normal  size  and  are  a  brownish- 
gray  in  color  (  Figure  18 ) .  Samples  were 
given  to  the  plant  pathologist  for  cul- 
ture to  detect  any  causal  organism,  but 
none  was  found.  Germination  tests 
proved  that  these  kernels  would  not 
sprout. 

The  normal  grains  of  the  original 
ear  we're>  planted  in  1920.  The  harvest 
showed  a  distinct  recurrence  of  the 
defective  grains.  Normal  grains  of  this 
1920  crop  were  planted  in  the  following 
year  with  a  similar  result. 

The  experimental  data  for  these  two 
years  have  been  arranged  in  Table  i. 

Two  sorts  of  progenies  were  found 
among  all  the  self-pollinated  ears  com- 
ing from  normal  grains  of  a  segregat- 
ing ear.  If  this  hereditary  defect  is 
cau.sed  by  a  simple,  recessive  Mendelian 
factor,  we  should  expect  that  one  sort 
would  show  ears  with  nothing  but  nor- 
mal kernels,  while  the  other  sort  would 
comprise  ears  with  seventy-five  per 
cent  normal  and  twenty-five  -i^er  cent 
defective  grains. 

This  is  what  actually  happened  as 
can   readilv  be   seen   in   Table    i.      The 


'  Paper    Xo.    1    from    tlie    Department    of    Genetics,    Iowa    State    College,    read    at    the 
Boston   meeting   of   the   .A.   .A.   .'\.   S..    December  28,    1922. 


12< 


•?  >.  >  B  S.N 

~    z:.    IJ    3  J=    rC 

_  g  -  s  &  s 


•tliiiin  tislllUt/ 


•••mw 


< 

m 
w 

Q 

O 
O 

O 

w 

H 


—  3  r"  c«     — 


[Tub 


=  E  ™  ^  >" 


•-  o  o  2  •.:: 

b  ^  ■;  .=  rt  . 

C   a>  u 

•/•.'■"    i/   o   c  s 

=  ^  u  -o  o  a. 


o 

00 

o 

w 
> 

H 
M 

u 

Q 


•5  « 


'-5  J= "« ■" 


o         u   nj   f^    ^ 


-  -^  ^  =  =  £  2 

■-  -  rt  o 

*"   i    0  C.  C  —   CJ 

-  u  Ji  .   =  u«: 
—  i  —  t^  rt   :   ^ 


—  03 


u 


is 
■^  S  ■/■.  .c  ~  N  c 

•r  .2  -^  -  ^  o  <?• 
?  ii  S  t=   --^  O 


■"  ■  o  "r  —  ""  y 

■-    -r.  O    -^    ■" 


■C  E  b£  -->  •«  S 

>  r:  =  P  WiC2 

.—  w   o 

o  r  "  ■'•  i5  c 

-  •=  5:  =  "E-o 

-  '^    "^^     .  bD  1^ 

P  -I  i^'s-l^ 

^  =  5  5  Sji 

i ill  II 

< 

!-     >i     -  •—     A     C« 

""h  S  ^  2  >. 

s"        ,/,        "-Q 

Q 

U 

-'  ',  —  ii  -^  i» 

^    y    I-    :>   rd  — * 

« 

'—    ^    ij    >        -^ 

Q 

"C    A          ,      ^'^  ^ 

^ 

^'E.i  2  rt  S 

O 

:_   >  f        ic 

'      S.^it^^ 

w 

g 

(-  —  ^  •-    O    «J 

—  _  -  -  '^  ca 

< 

-   '_'  "=   o  o  rt 

« 

-  *"   r:   i£  *-   o 

o 

w 

""^     C£    «  •—           Tj 

> 

.E  ^  c   '  S  o 

HH 

—     ^     -y,     ^    J-" 

H 

-     "'.„•"     '"^     > 

U 

w 

fi '  i<S 

ft, 

'•  ok—      .9 

Q 

-  ;;  5  u  -  tj 

-'    ^    Z.     Z           i) 
.-         :>         o   >< 

-,     ^     Cf            '-«    CTJ 

w 

^     ^  S^  p  u  o 

rt    ;^  "^    C  -C    i; 

y,       ^       —       U      ■*-•       L- 

5  3^  °  o 

%j        r             «J 

^  —     -^    V-.     -J  ^ 

'^  5  >.  E  '-=  *' 

rt  ^  x         .  >. 

w      5  *-  H 

»5  =i  ^  r-^-o 

^       c  .    -  u  n 

-  c^  -ii  d-o 

i:       "  >  •■«      — 

r.    :S    .-:    y;    rt    c 

130 


The  Journal  of  Heredity 


ratios  of  the  individual  ears  that  are 
heterozygous  are  in  accord  with  the  3:1 
proportion.  The  total  count  of  thirty- 
one  segregating  ears  resulted  in  4544 
normal  and  1390  defective  grains. 
There  w^as  a  slight  deficiency  of  the 
latter,  which  may  be  due  to  the  diffi- 
culty of  detecting  every  defective  ker- 
nel on  an  ear  since  some  of  them  are 
very  small  and  may  be  easily  over- 
looked. It  is  entirely  possible,  however, 
that  this  consistent  deficiency  of  the 
defective  kernels  may  be  accounted  for 
by  differential  pollen  tube  growth. 

However,  the  best  test  of  the  situa- 
tion is  the  progeny  test,  since  in  this 
case  there  is  absolutely  no  difficulty  in 
classifying  a  normal  ear  from  one  that 
is  segregating  for  the  two  types  of 
kernels.  Such  a  progeny  test  appears 
in  Table   II. 

There  were  actually  fifteen  ears  with 
nothing  but  normal  grains  and  thirty- 
one  with  the  two  kinds  of  grains.  This 
is  as  close  to  the  expected  results  as 
possible,  and  it  proves  that  the  defec- 
tive kernel-type  of  this  Golden  Bantam 
variety  is  controlled  by  a  simple.  Men- 
delian  factor. 

One  of  the  ears  of  the  last  sea.son's 
harvest  (5016-11)  presented  a  very  no- 
ticeable deviation  from  all  others.  It 
had  a  higher  proportion  of  defective 
kernels  than  any  other  ear.  Besides 
112  normal  and  44  defective  kernels 
there  were  yj  kernels  that  showed  a 
peculiar  white  appearance  (Figure  19). 
This  is  especially  remarkable  since  in 
the  three  years  of  inbreeding  of  this 
variety,  never  did  any  white  endosperm 
occur.  These  kernels  were  also  of  a 
defective  type,  but  distinctly  different 
from  the  other.  Not  only  was  this  new 
type  white  in  appearance,  but  there 
was  a  marked  tendency  for  the  germ 
to  commence  growth  on  the  ear.  The 
growth  of  the  embryo  consisted  mainly 
of  an  elongation  of  the  jirimary  root 
which  attained  the  length  of  about  one- 
half  inch  or  less  within  the  seed  coat. 
V.'hen  the  grains  dried  out  at  maturity 
the  entire  embryo  turned  brown  and 
died.  The  details  of  the  inheritance  of 


this   new   type    (or   mutation)    are   not 
known  as  yet. 

Inheritance    of   the   Flint-Defective 
Type  of  Endosperm 

Another  type  of  defective  kernel 
arose  in  some  inbred  strains  of  a  yellow 
flint  variety,  which  originally  came  from 
Massachusetts.  According  to  Dr.  W. 
E.  Castle  who  sent  the  original  seed 
to  the  writer,  the  variety  name  was 
Stickney,  being  most  likely  a  selection 
from    Longfellow    Flint. 

In  this  case,  certain  inbred  ears  ex- 
hibited a  distinct  segregation  into  nor- 
mal and  defective  kernels.  The  latter 
are  distinctly  a  pale  yellow  color,  con- 
trasting sharply  with  the  dark  yellow 
color,  typical  of  the  variety.  This  color 
distinction  is  enhanced  by  the  difference 
in  endosperm  texture.  While  the  nor- 
mal seeds  are  characteristically  hard 
and  flinty,  the  defective  kernels  are 
dull  and  starchy  in  appearance,  and 
somewhat  smaller  in  size   (Figure  16). 

The  germination  of  the  defective  ker- 
nels is  very  poor.  But  the  striking 
thing  is  that  whenever  they  do  germi- 
nate, they  produce  white  or  albino  seed- 
lings. The  photograph  ( b^igure  20)  of 
the  seedling  flat  shows  the  situation 
very  well.  When  the  normal  seeds  of 
the  segregating  ear  are  planted  sepa- 
rately from  the  defective  kernels,  the 
former  ])roduce  green  seedlings  while 
the  latter  throw  pure  whites.  The  al- 
ternate rows  in  the  flat  show  this  very 
distinctly.  ' 

A  study  of  the  inheritance  of  this 
flint-defective  endos])erm  has  been  ren- 
dered very  difficult  by  reason  of  a  large 
amount  of  ]X)llen  sterility  in  this  inbred 
strain.  Self-i)()llinated  ears  are  ob- 
tained only  with  great  difficulty.  Cross- 
bred ears  are  easily  made,  showing 
that  the  ovules  are   fertile. 

The  original  ear  {21^?^-'^)  showing 
this  abnormal  endosperm  characteristic 
was  one  of  a  large  family  that  was 
heterozygous  for  white  and  pale  yellow 
seedlings,  which  were  in  every  way 
typical  of  the  ordinary  seedlings  show- 
ing such  chlorophyll  defects.     This  fact 
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Normal   Kar  (Segregating    for    the    New    Defect  Segregating    for    Sweet    DefcK^tive 

DEFECTIVE    KERNEL    TYPES    IN    INBRED    GOLDEN    BANTAM    SWEET    CORN 

fU:  ^T'^f  !'■*■  ■  ^"  ^^l^l'tio"  to  the  sweet-defective  endosperm  studied   for   two  generations   in 

S'sS  f^f\T'\Tu%'^'''T.  "^'J'"'  "PP^^'-^d  i"  the  third  generation,  remarka- 
bly similar  to  that  described  by  Mangelsdorf  ,n  another  variety  of  sweet  corn  (see  Figure 
13).  In  this  case  the  appearance  of  the  defect  would  seem  to  be  due  to  mutation,  as  it  was 
absent  in  the  prcced.ng  inbred  generations.      (See  page   130.) 


leads  us  to  suppose  that  the  white  seed- 
lings so  closely  associated  with  the  de- 
fective kernels  are  genetically  identical 
with  the  ordinary  type  and  are  not 
fundamentally  due  to  the  defect  in  the 
kernel  itself.  Scores  of  crosses  were 
attempted  to  check  this,  but  the  sterility 
involved  in  this  variety  prevented  any 
success. 

The  inheritance  of  this  defective  en- 
dosperm character  was  studied  by 
means  of  planting  the  normal  grains 
of  self -pollinated  ears  that  were  seg- 
regating for  normal  and  defective  ker- 
nels.      The     individual     plants    arising 


from  such  normal  kernels  were  in  turn 
self-pollinated.  This  was  done  for 
two  growing  seasons.  Counts  of  thirty 
ears  thus  produced  are  presented  in 
Table  III. 

Of  these  thirty  ears,  six  showed  no 
defective  grains  (from  homozygous 
normal  seeds),  and  twenty- four  had 
both  normal  and  defective  gi-ains  on  the 
ear  (from  heterozygous  seeds).  If  the 
genetic  factors  governing  the  inherit- 
ance of  this  allelomorphic  pair  (nor- 
mal-defective) of  characters  is  a  simple 
one,  we  should  expect  a  proportion  of 
ten  homozygous  to  twenty  heterozygous 
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ears  instead  of  six  and  twenty-four, 
as  was  actually  the  case.  This  is  not 
an  especially  close  approximation  to 
theory,  although  the  deviation  (4)  is 
only  2.3  as  large  as  the  prohable  error. 

Some  of  the  individual  ears  that  seg- 
regated for  the  two  kernel  types  exhibit 
considerable  deviation  from  a  3:1  ratio. 
This  was  noticeably  true  of  the  poorer 
ears  which  always  seemed  to  possess 
less  than  twenty-five  per  cent,  defec- 
tive kernels.  The  better  developed 
ears,  those  with  the  larger  number  of 
kernels,  do  not  depart  very  greatly 
from  the  expected  3:1  proportion,  al- 
though there  is  still  a  slight  deficiency 
of  the  defective  kernels.  The  total  of 
all  the  ears  a])proaches  a  3:1  ratio,  but 
in  this  case  the  deficiency  of  defective 
kernels  in  the  poorly  developed  ears  is 
magnified.  However,  the  totals  are 
not  entirely  beyond  the  limits  of  a 
simple,  single-factor  hy])othesis. 

The  seedling  data  from  the  thirty 
self-pollinated  ears  show  one  or  two 
points  of  interest.  In  the  first  place, 
all  the  ears  that  were  normal  in  endo- 
sperm (total  of  six)  produced  not  a 
single  white  seedling.  This  fact  is  a 
strong  indication  that  there  is  a  coni- 
l)lete  association,  correlation,  or  link- 
age between  green  seedlings  and  nor- 
mal endosperm  (or  white  seedlings 
and  defective  endospemi).  Otherwise 
we  might  expect  occasionally  a  normal 
ear  to  produce  three  green  to  one 
white  seedling,  as  was  the  case  in  the 
original  grand-parental  stock. 

The  seedling  ])rogenies  from  the 
twenty-four  ears  that  possessed  both 
normal  and  defective  kernels  exhibit 
some  interesting  facts  (Table  IV).  In 
every  case  the  normal  grains  from 
such  ears  were  planted  sc])arately  from 
the  defective  ones.  The  j)ercentage  of 
germination  of  the  latter  was  very 
poor.  A  noteworthy  fact  is  that  the 
second  generation  progenies  (pedigree 
number.s  4122,  5009  and  5010)  .showed 
a  far  smaller  per  cent,  of  germination 

'  Linhstrom,   v..   W.     Chlorophyll    Factors 
1920. 


than  the  original  ear  and  the  first 
generation  from  it  (3354).  The  rea- 
son for  this  is  unquestionably  due  to 
the  fact  that  the  mother  ears  of  the 
second  generation  were  those  chosen 
because  of  the  distinctness  of  their  de- 
fective kernels.  This  means  that  a 
smaller  defective  kernel  type  was  se- 
lected, which  gave  a  progenv  that  re- 
I^roduced  this  characteristic,  therebv 
possessing  less  endosperm  and  less 
ability  to  germinate. 

A  glance  at  Table  IV  shows  at  once 
that  the  seedlings  coming  from  nomial 
grains  of  heterozygous  ears  were 
green  in  the  great  majority  of  cases. 
Conversely  those  coming  from  de- 
fective seeds  were  white,  with  a  few 
exceptions. 

In  the  first  generation  from  the 
original  ear  a  greater  number  of  ex- 
ceptions occur  than  in  the  second  gen- 
eration d^edigree  numbers  5009  and 
5010  es])ecially ).  For  this  reason  it  is 
logical  to  suppose  that  the  exce])tions 
noted  can  most  easily  l>e  attributed  to 
mistakes  in  classifying  the  grairts  into 
normal  and  defective.  Where  this 
classification  is  more  distinct,  as  is  the 
case  in  later  i)rogenies  (5009  and 
5010),  the  exceptions  are  very  rare. 
Accordingly  it  seems  plausible  that  the 
so-called  exceptions  are  not  due  to 
genetic  crossovers  of  the  linkage  be- 
tween the  chlorophyll  and  endosj)erm 
factors  involved.  This  may  l)e  a  case 
of  a  very  close  but  not  complete  link- 
age, although  that  does  not  seem  very 
reasonable. 

These  two  types  of  abnormal  ker- 
nels, the  sweet-defective  and  flint- 
defective,  are  distinctly  different  from 
the  abortive  type  rejiorted  several 
years  ago.'  In  the  abortive  type  tiiere 
is  a  com])lete  failure  of  endos])erm  de- 
velo])ment.  I'oth  the  defective  and 
abortive  types  have  been  found  in 
several  inbred  strains  of  dent  corn. 
.Apparently  these  arc  similar  to  those 
reported    by   Jones.*     There   api>ear   to 

of    Maize.      Journal   of    Heredity.   ll:2fi9-277. 


"Jones,  D.  F.     Heritable  Characters  of  Maize,  I\'.     A   Lethal   Factor — Defective  Seeds. 
Journal  of  Heredity,  11: 1(51 -KIT.      l'.)20. 
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SEEDLINGS  FROM  FOUR  SELF-POLLINATED  EARS  SEGREGATING  FOR 
FINT   DEFECTIVE    KERNELS,   SHOWING    LINKAGE 

Figure  20.  When  the  defective  grains  of  flint  corn  (Figure  16),  are  grown  separately 
from  the  normal  grains  from  the  same  ear,  a  striking  difference  appears  in  the  seedlings. 
Above  are  shown  alternate  rows  of  seedlings  from  normal  grains,  and  from  flint-defective 
ones.  All  those  from  defective  seeds  have  produced  albino  plants.  Relatively  very  few^  of  the 
defective  seeds  have  sprouted,  and  even  at  this  early  stage  the  albino  seedlings  are  evidently 
at  a  disadvantage  as  compared  with  the  normal  ones.  As  the  plants  grow  older  the  difference 
wmII  become  greater.  The  albinos  eventually  will  starve  to  death,  as  the  absence  of  chloro- 
phyll makes  it  impossible  for  them  to  manufacture  food  from  sunlight  and  the  elements 
drawn  from  air  and  soil. 


be  several  different  genetic  types  of 
defective  and  abortive  endosperm.  It 
so  happens  that  this  material  does  not 
exhibit  such  clean-cut  types  as  those 
reported  in  this  article.  Another  year's 
work,  in  which  the  secondary  modi- 
fiers influencing  the  kernel  type  are 
rendered  pure,  is  necessary. 

Recent  work  is  jiroving  that  the 
endosperm  of  maize  is  but  another 
example  of  a  qualitative,  heritable 
character  that  is  dependent  on  a  large 
number  of  genetic  factors  for  its  de- 
velopment. Besides  the  factors  that 
control    the    physical    texture    of    the 


endosperm  such  as  the  sweet,  flint, 
dent,  pop,  floury  and  waxy  factors,  we 
must  now  add  at  least  a  half-dozen 
others  that  control  directly  the  forma- 
tion and  complete  development  of  the 
endosperm  itself.  The  recessive  allelo- 
morphs of  these  might  be  classed  as 
lethal  or  semi-lethal  factors  for  endo- 
sperm development. 

The  general  situation  is  similar  to 
that  of  another  characteristic  of  the 
corn  ])lant.  Chlorophyll,  for  example, 
is  a  distinct  genetic  character  that  is 
now  known  to  involve  at  least  twenty 
separate  genetic  factors,  ranging  from 
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those  that  are  completely  lethal  (such 
as  produce  white  seedlings)  to  those 
that  are  non-lethal,  producing  merely 
a  pale  or  light  green  plant.  These  dis- 
coveries are  pointing  clearly  to  the 
fact  that  while  the  hereditary  units 
(factors  or  genes)  themselves  are  ap- 
parently discontinuous  units  or  enti- 
ties, they  are  so  numerous  and  often 
their  effects  are  so  minute  that  they 
appear  to  present  a  continuous  series 
when  viewed  as  a  whole.  But  inas- 
much as  we  can  isolate  and  study  any 
one  of  these  numerous  factors,  their 
actual  unity  is  proven  when  they  fall 
into  a  definite  system  of  heredity,  as 
they  actually  do. 


Summary 

An  endosperm  defect  in  sweet  corn, 
called  sweet-defective,  which  arose  in 
an  inbred  Golden  Bantam  strain  is 
proven  to  be  inherited  as  a  simple. 
Mendelian  recessive. 

A  distinct  mutant  involving  another 
endosperm  defect  arose  in  the  third 
inbred  generation  of  the  Golden  Ban- 
tam strain.  Evidence  indicates  that 
this  could  not  have  been  in  the  stock 
in  previous  years. 

Another  recessive  endosperm  defect 
was  discovered  in  yellow  flint  corn. 
This  flint-defective  type  shows  com- 
plete linkage  with  albino  seedlings. 


Tahle   I — Slwii'mg   progenies  fro»i   norma' 

Pedigree  No. 

kernels  of  self-pollinated  ears 

that  were  scg- 

of  Selfed  Ear 

Normal 

Defective 

regaling    for    siceet 

-defective 

grains. 

5016-4 

139 

44 

Pedigree  No. 

5016-5 

121 

48 

of  Selfed  Ear 

Normal 

Defective 

5016-6 

all 

.. 

5016-8 

123 

31 

5016-9 

all 

Original  Ear 

134 

50 

5016-10 

147 

48 

5016-11 
5016-12 

149 
180 

44 

55 

4264-5 

all 

5016-13 

139 

38 

4264-7 

117 

38 

5016-14 

all 

4264-8 

all 

5016-15 

148 

43 

4264-11 

135 

37 

4264-14 

120 

30 

Sub-total 

1 146 

351 

4264-17 

87 
459 

24 
129 

Theoretical 

1 123 

374 

Sub-total 

Theoretical 

441 

147 

5017-1 

all 

5017-2 
5017-3 

207 
all 

57 

5015-1 

148 

41 

5017-4 

143 

44 

5015-2 

178 

71 

5017-5 

135 

38 

5015-3 

all 

5017-6 

159 

45 

5015-4 

all 

5017-7 

121 

43 

5015-5 

171 

52 

5017-8 

141 

48 

5015-6 

all 

5017-9 

116 

35 

5015-7 

all 

5017- n 

174 

49 

5015-8 

131 

39 

5017-12 

152 

44 

5015-9 

all 

5017-14 

all 

5015-16 

162 

68 

5017-15 

146 

47 

5015-18 

179 

51 

5017-18 

192 

40 

5015-19 

'50 

48 

Sub-total 

1686 

490 

Sub-total 

1119 

370 

Theoretical 

1632 

544 

Theoretical 

1117 

372 

Grand    Total 

4644 

1390 

501 6- I 

all 

Theoretical 

4451 

1484 

5016-3 

all 
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Tabi.k    II.      SluKcim,    proportion    of    homozygous    and    heterozygous    genotypes    tested    by 
progenies   derived   from   self-pollination. 


Pedigree  No. 
Mother  Plant 


Golden  Bantam    selfed. 

Golden  Bantam    selfed. 

4264- II     

4264-14     


Pedigree  Xo.  No.  Progenies  That  Were 

of  Progeny Homozygous 


4264 
5015 
5016 
5017 


Heterozygous 

4 
7 

8 
12 


Total     

Theoretical 


15 


31 
30.7 


Table  III.  Sluncing  sclf-poUinatcd  pro- 
genies from  itoi-mai  grans  of  ears  that 
segregated  for  normal  and  flint-defective 
kernels. 


Pedigree  No. 

of  Selfed  Ear      Normal      Defective      Origin 


3354-1 
3354-2 
3354-5 
3354-9 
3354-10 

Sub-total 
Theoretical 


4122-2 

4122-6 

4122-11 

4122-18 

4122-24 

Sub-total 
Theoretical 


5009-3 
5009-4 
5009-5 
5009-10 
5009-13 
5009-17 
5009-18 
5009-20 
5009-21 
5009-23 
5009-25 
5009-26 
5009-27 
5009-28 

Sub-total 
Theoretical 


50 10- I 

5010-8 

5010-9 

5010-13 

5010-17 

5010-24 

Sub-total 
Theoretical 


Grand   Total 
Theoretical 


189 
119 
228 
all 
162 

698 
678 


60 

23 
68 

55 

206 
226 


187 
34 
78 
40 
47 

386 
364 


66 
II 

19 
8 

9 

113 
125 


75 
227 
all 

94 
230 
208 

93 
217 

all 
264 
124 
223 

all 
155 

1910 
1855 


17 
70 

22 
69 
80 
25 
50 

81 
30 


30 


563 
618 


234 
196 
191 
all 
225 
all 

846 
851 


84 
66 

65 
74 


289 
204 


3840 
3759 


1171 
1253 


From 
2258-s 


From 
3354-1 


From 
3354-1 


From 
4122-2 


Table  IV.  Results  of  seedling  progeny 
tests  from  self-pollinated  ears  shon-ing  the 
linkage  betzvecn  zdiite  seedlings  and  flint- 
defective    grains. 


From  From 

Pedigree  No.  Normal  Grains  Defective  Grains 
of  Selfed  Ear     Green     White      Green     While 


3354-1 
3354-2 

3354-5 
3354-10 

Sub-total 


150 
69 
186 

113 
518 


I 

2 

10 


18 

18 
66 
25 

127 


4122-2 

4122-6 

4122-11 

4122-18 

4122-24 

Sub-total 


118 
27 
43 
23 
33 

244 


5009-3 
5009-4 
5009-10 
5009-13 
5009-17 
5009-18 
5009-20 
5009-23 
5009-25 
5009-26 
5009-28 

Sub-total 


14 
26 
20 
20 
27 
10 

15 
20 

25 
26 

23 
226 


I 

o 
0 

4 
0 
2 
0 
6 
0 
0 
0 

13 


5010-1 

5010-8 

5010-9 

5010-17 

Sub-total 


23 
1 1 
32 

91 


INTERNAL  SECRETIONS  AND  ACQUIRED 

CHARACTERS 


A  Review 


Hormones  and  Heredity.  In-  J.  T. 
Cunningham.  Pp.  xx  +  240. 
New  York.  The  Macmillan  Com- 
pany.   1921. 

While  the  chief  object  of  the  volume 
is.  in  the  author's  words,  "to  discuss 
the  relations  of  modern  discoveries 
concerninj^  hormones  or  internal  se- 
cretions to  the  question  of  the  evolu-' 
tion  of  adaptations,  and  on  the  other 
hand  to  the  results  of  recent  investi- 
gations of  Mendelian  heredity  and 
mutations,"  it  reviews  a  wide  range 
of  subjects,  many  of  which  are  but 
remotely  if  at  all  connected  with 
hormones.  Thus,  the  following  topics 
are  discussed :  Historical  Survey  of 
Theories  or  Suggestions  of  Chemical 
InHuences  in  Heredity;  Classification 
and  Adaptation ;  Mendelism  and  the 
Heredity  of  Sex;  Influence  of  Hor- 
mones in  Development  of  Somatic 
Sex-characters  ;  Origin  of  Somatic  Sex- 
characters  in  Evolution ;  Mammalian 
Sexual  Characters ;  J^^vidence  Opj^osed 
to  the  Hormone  Theory;  Origin  of 
Non-sexual  Characters ;  The  Phenom- 
ena of  Mutation;  Metamorphosis  and 
Recapitulation. 

I'^rom  time  to  time  throughout  the 
work  an  irascibility  is  evinced  toward 
Mendelism,  but  just  why,  one  is  un- 
able to  determine  from  any  analysis 
submitted  in  the  text.  The  supposed 
difficulties  mentioned  a])i)ear  to  the  re- 
viewer, at  least,  to  be  largely  false 
issues  which  are  ade(|uately  accounted 
for  by  the  modern  factorial  hvpotheses 
of  Xeo-Mendelists.  Various  of  the 
other  difiiculties  which  are  cited  by  the 
author  as  outstanding,  have  been  dis- 
cussed and  shown  to  be  at  least  not 
necessarily  in  disharmony  with  Men- 
delism by  ^b)rgan,  in  his  Heredity 
and  Sex.  iniblisbed  in  lit  13 — a  volume 
with  which  Cunningham  appears  to 
he   unacquainted. 


The  book,  in  the  main,  is  an  elabora- 
tion and  defense  of  the  author's  earlier 
Lamarckian  theory  of  the  origin  of 
secondary  sexual  characters  in  rela- 
tion to  lK)rmones,  although  the  theory 
is  extended  to  other  ada])tive  structures 
and  to  certain  types  of  non-sexual 
characters.  His  central  idea  appears 
to  be  that  any  over-  or  under-produc- 
tion of  hormones  may  stimulate  the 
a])])r()])riate  "determinants"  in  the 
genital  cells  and  modify  them  cor- 
res])ondingly.  The  author  avows  his 
adherence  to  the  idea  of  continuous 
variation  (fluctuations)  in  the  Darwin- 
ian sense  as  distinguished  from  muta- 
tions, but  apparently  his  conception  of 
mutations  is  the  older  one  which  re- 
gards them  as  changes  of  considerable 
magnitude,  rather  than  the  modern  one 
which  admits  of  any  degree  of  minute- 
ness. Recognizing  as  do  all  modern 
naturalists  that  the  origin  of  species 
and  the  origin  of  adaptations  respec- 
tively are  two  distinct  ])roblems,  he 
attem])ts  to  account  for  the  latter  on 
the   basis  of   honiinnic   influences. 

In  his  own  words: 

My  view  is,  then,  that  specific  characters 
are  usually  not  adaptations,  that  other  char- 
acters of  taxonomic  value  are  some  adap- 
tive and  some  unrelated  to  conditions  of 
life,  and  that  while  non-adaptive  characters 
arc  due  to  spontaneous  blastogenic  varia- 
tions or  mutations,  adaptive  characters  are 
due  to  the  direct  influence  of  stimuli,  caus- 
ing .somatic  modifications  which  become 
hereditary,  in  other  words,  to  the  inheritance 
of   acquired   characters. 

Since  to  do  justice  to  the  author's 
ideas  it  seems  safest  to  set  them  forth 
in  his  own  phraseology,  the  reviewer 
has  chosen  the  following  representative 
pas.sages  which  indicate  the  trend  of 
the  argument. 

The  fact  that  a  horm<»ne  from  the  testis 
affects  the  development  of  the  antler,  as  well 
as    our    knowledge    of    liormoncs    in    general, 
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suggests  a  special  theory  of  the  heredity  of 
somatic  niodificatioiis  due  to  external  stimuli. 
Physiolof^ists  are  apt  to  look  for  a  par- 
ticular gland  to  produce  every  internal  secre- 
tion. But  the  fact  that  the  wall  of  the 
intestine  produces  secretion,  wliich  carried  by 
the  blood  causes  the  pancreas  to  secrete, 
shows  that  a  particular  gland  is  not  neces- 
sary. There  is  nothing  improbable  in  sup- 
posing that  a  tissue  stimulated  to  extensive 
growth  by  external  irritation  would  give  off 
special  substances  to  the  blood.  We  know 
that  living  tissues  give  off  waste  products, 
and  that  these  are  not  merely  pure  CO-  and 
H2O,  but  complicated  compounds.  The 
theory  proposed  by  me  in  1!)08  was  that  we 
have  within  the  gonads  numerous  gameto- 
cytes  whose  chromosomes  contain  factors 
corresponding  to  the  different  parts  of  the 
soma,  and  that  these  factors  or  determin- 
ants might  be  stimulated  by  waste  products 
circulating  in  the  blood  and  derived  from 
the  parts  of  the  soma  corresponding  to 
them.  There  is  no  reason  to  suppose  that 
an  exostosis  formed  on  the  frontal  bone  as 
a  result  of  repeated  mechanical  stimulation 
due  to  the  butting  of  stags  would  give  off  a 
special  hormone  which  was  never  formed 
in  the  body  before,  but  it  would  probably 
in  its  increased  growth  give  off  an  increased 
quantity  of  intermediate  waste  products  of 
the  same  kind  as  the  tissues  from  which  it 
arose  gave  off  before.  These  products  would 
act  as  a  hormone  on  the  gametocytes,  stim- 
ulating the  factors  which  in  the  next  genera- 
tion would  control  the  development  of  the 
frontal  bone  and  adjacent  tissues. 

The  difficulty  of  this  theory  is  one  which 
has  occurred  to  biologists  who  have  pre- 
viously made  suggestions  of  a  connexion 
between  hormones  and  heredity — namely, 
how  hormones  or  waste  products  from  one 
ipart  of  the  body  could  differ  from  these 
from  the  same  tissues  in  another  part  of  the 
body.  If  there  were  no  special  relation, 
hypertrophy  of  bone  on  one  part  of  the  body 
such  as  the  head  would  merely  stimulate  the 
factor  for  the  whole  skeleton  in  the  game- 
tocytes, and  the  result  would  merely  be  an 
increased  development  of  the  whole  skeleton. 
On  the  other  hand,  we  have  the  evident  fact 
that  a  number  of  chromosomes  formed  ap- 
parently of  the  same  substance,  by  a  series 
of  equal  chromosome  divisions  determine  all 
the  various  special  parts  of  the  comolicated 
body.  This  is  not  more  difficult  to  under- 
stand than  that  every  part  of  the  body 
should  give  off  special  substances  which 
would  have  a  special  effect  on  the  corres- 
ponding parts  of  the  chromosomes.  We 
know  that  skin  glands  in  different  parts  of 
the  body  iproduce  special  oilors,  although 
all  formed  of  the  same  tissues  and  all  de- 
rived from  the  epidermis.  It  seems  not  im- 
possible that  bones  of  different  parts  of  the 
body  give  off  different  hormones.  If  the 
factors  in  the  gametes   were   thus   stimulated 


they  would,  when  they  developed  in  a  new 
individual,  produce  a  slightly  increased  de- 
velopment of  the  part  which  hypertrophied 
in  the  parent  soma.  No  matter  how  slight 
the  degree  of  hereditary  effect,  if  the  stimu- 
lation was  repeated  in  every  generation,  as 
in  the  case  of  such  characters  as  we  are 
considering  it  undoubtedly  was,  the  heredi- 
tary effect  would  constantly  increase  until 
it  was  far  greater  than  the  direct  effect  of 
the  stimulation. 

Attain,  referring  to  the  origin  of  the 
phenomena  of  the  shedding  and  re- 
growth  of  antlers,  he  has  this  to  say: 

The  annual  shedding  and  recrescense  of 
the  antler,  however,  is  only  to  be  understood 
in  connection  with  the  effect  of  the  testi- 
cular hormone.  According  to  my  theory 
there  are  two  hormone  actions,  the  centri- 
petal from  the  hypertrophied  tissue  to  the 
corresponding  factor  in  the  gametocytes, 
and  the  contrifugal  from  the  testis  to  the 
tissue  of  the  antler  or  other  organ  concerned. 
The  reason  why  the  somatic  sexual  charac- 
ter does  not  develop  until  the  time  of 
puberty,  and  develops  again  each  breeding 
season  in  such  cases  as  antlers,  is  that  the 
original  hypertrophy  due  to  external  stimu- 
lation occurred  only  when  the  testicular  hor- 
mone was  circulating  in  the  blood.  The 
factor  in  the  gametocytes  then  was  in  each 
generation  acted  upon  by  both  hormones, 
and  we  must  suppose  that  in  some  way  the 
result  was  produced  that  the  hereditary  de- 
velopment of  the  antler  in  the  soma  only 
took  place  when  the  testicular  hormone  was 
present.  It  is  to  be  remembered  that  we 
are  unable  at  present  to  form  a  clear  concep- 
tion of  the  process  of  development,  to  under- 
stand how  the  simple  fertilized  ovum  is  able 
by  cell-division  and  differentiation  to  develop 
into  a  comiplicated  organism  with  organs  and 
characters  predetermined  in  the  single  cell 
which  constitutes  the  ovum.  If  we  accept 
the  idea  that  characters  are  represented  by 
particular  parts  of  the  chromosomes,  ac- 
cording to  Morgan's  scheme,  our  theory  of 
development  is  the  modern  form  of  the 
theory  of  preformation.  When  in  the  course 
of  development  the  cells  of  the  head  from 
which  the  antlers  arise  are  formed,  each  of 
these  cells  must  be  supposed  to  contain  the 
same  chromosomes  as  the  original  ovum 
from  which  the  cells  have  descended  by 
repeated  cell-division.  The  factors  in  these 
chromosomes  corresponding  to  the  forehead 
have  been  stimulated  while  in  the  parent 
animal  by  hormones  from  the  outgrowth  of 
tissue  produced  by  external  mechanical  stim- 
ulation, while  at  the  same  time  they  were 
permeated  by  the  testicular  hormone  pro- 
duced either  by  the  gametocytes  themselves 
or  by  interstitial  cells  of  the  testis.  When 
the  head  begins  to  form  in  the  process  of 
individual   development,   the    factors,   accord- 
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ing  to  my  theory,  have  a  tendency  to  form 
the  special  growth  of  tissue  of  which  the 
incipient  antler  consists,  but  (part  of  the 
stimulus  is  wanting,  and  is  not  completed 
until  the  testicular  hormone  is  produced  and 
diffused  into  the  circulation — that  is  to  say. 
when  the  testes  are  becoming  mature  and 
functional. 

I  do  not  claim  that  this  theory  is  com- 
plete— it  is  impossible  to  understand  the 
process  completely  in  the  present  state  of 
knowledge — ^but  I  maintain  that  it  is  the 
only  theory  which  affords  anj'  explanation 
of  the  remarkable  facts  concerning  the  in- 
fluence of  the  hormones  from  the  reproduc- 
tive organs  on  the  development  of  secondary 
sexual  characters,  while  at  the  same  time 
explaining  the  adaptive  relation  of  these 
characters  or  organs  to  the  sexual  habits  of 
the   various   species. 

The  author  makes  various  digres- 
sions from  time  to  time  to  show  how. 
in  his  opinion,  various  adaptive  fea- 
tures can  have  arisen  as  a  result  of 
Lamarckian  factors.  The  explanations 
sui^gested  are  invariably  ingenous  and 
interesting,  if  not  always  convincing. 
He  u.ses  the  term  hormone,  it  should 
be  pointed  out,  in  a  much  broader 
sense  than  is  warranted  by  our  actual 
knowledge,  inasmuch  as  indisputable 
evidence  of  the  existence  of  such  in- 
ternal secretions  is  as  yet  confined  to 
the  products  of   relatively   few  organs. 


The  book  is  too  diverse  in  its  .scope 
to  permit  of  concise  summarization. 
As  a  whole,  it  is  an  interesting  dis- 
cussion, interspersed  with  bits  of  in- 
formation which  are  of  value  to 
biologists,  particularly  those  interested 
in  the  problems  of  evolution,  individual 
development,  and  secondary  sexual 
characters. 

Jt  will  be  difficult,  indeed,  for  the 
author  to  persuade  the  majority  of 
geneticists  today  that  (p.  55),  "The 
]\Iendclian  theory  is  merely  a  theory 
in  words,  which  have  an  apparent  re- 
lation to  the  facts,  but  which  when 
examined,  do  not  correspond  to  any 
real  conceptions,''  or  to  lead  them  to 
believe  (p.  129)  that,  "There  is  a 
tendency  among  Mendelians  and  mu- 
tationists  to  overestimate  the  import- 
ance of  experiments  in  comparison  with 
reasoning,  either  inductive  or  deduc- 
tive." 

To  the  reviewer,  the  grounds  ad- 
vanced for  the  author's  theory  are  sug- 
gestive rather  than  conclusive,  and 
they  will  doubtless  remain  so  for  many 
biologists  until  more  definite  experi- 
mental evidence  is   forthcoming. 

M.   F.   Gi'VER, 
(Jiih'crsifx  of  iris(0)isi)i. 


For  Those  About  to  Marry 


Die  Gattenwahl,  ein  artzliches  Rat- 
geber  bei  der  lihe.schliessung,  by  Dr. 
Max  Hir.sch.  Pp.  42.  Price.  20c. 
Leipzig.  Curt  Kabitsch  Vcrlagsbuch- 
handlung.  1!>22. 

Dr.  Ilirsch,  editor  of  the  Archiv 
fiu'  i''raucnkunde  und  luigcnetik,  has 
attempted  the  useful  task  of  furnish- 
ing in  a  brief  and  simple  form  such 
information  regarding  hereditary  de- 
fects  and    infectious   diseases  as   might 


l)e  useful  to  one  about  to  marry.  Be- 
sides describing  the  bearings  on  mar- 
riage of  the  principal  physical  and 
mental  maladies,  he  considers  such  re- 
lated subjects  as  alcoholism.  A  con- 
cluding section  urges  on  all  candidates 
for  marriage  the  desirability  of  a 
thorough  medical  examinati<Mi.  A 
similarly  practical  and  inexpensive 
booklet  in  the  luiglish  language  ought 
to  be  available.—/'.  /'. 


THE  ALLEGHENY  COLLEGE  BIRTH  RATE 


H.   R.   Hl-nt 
University  of  Mississippi 

(Continued  from   the  May   X timber) 


Tfll^  difference  in  family  size  per 
married  alumnus  in  the  two 
periods  is  ."^i)  -  .20  children. 
A  chance  difference  of  this  magni- 
tude will  occur  33  times  out  of 
every  100.  The  difference  is  there- 
fore not  statistically  significant ;  it 
may  have  been  due  to  chance.  It 
should  be  recalled,  however,  that  the 
living  graduates  in  the  period  1870- 
1884  are  a  more  highly  selected  group 
from  the  standpoint  of  length  of  life 
than  those  in  the  period  1885-1899. 
Therefore  the  average  fecundity  in  the 
earlier  group  may  have  been  higher 
than  that  in  the  later  one,  because  the 
long-lived  men  have  the  larger  fami- 
lies. Had  both  groups  been  equally 
selected  for  longevity,  the  difference  in 
family  size  might  have  been  still  less. 
The  difference  between  the  two 
periods  in  the  average  number  of 
children  per  male  graduate  is  .30  -  .19. 
This  difference  is  likewise  not  signifi- 
cant statistically.  But  married  alumni 
with  incompletely  reported  families 
have  been  excluded  in  Table  5.  If  the 
number  of  unmarried  individuals  in 
this  computation  is  reduced  so  that  the 
percentage  of  unmarried  is  the  same  as 
in  the  whole  data  derived  from  the 
questionnaire  (8%  and  11%  for  the 
periods  1870-1884.  1885-1899.  respect- 
ivelv),  then  the  two  averages  will  be 
2.69  (1870-1884)  and  2^36  (1885- 
1899).  The  percentage  of  married  in- 
dividuals among  the  women  graduates 
reported  in  the  questionnaires  is  not 
far,  it  will  be  recalled,  from  the  per- 
centage among  all  the  women  gradu- 
ates as  reported  in  the  Alumni  Regis- 
ter. This  was  true  whether  reporting 
women  with  incompletely  reported 
families  be  excluded  or  included  in 
making  the  computation.  In  other 
words,    the    questionnaire    provided    a 


fair  sample  of  the  women  as  far  as  the 
proportions  of  married  and  unmarried 
persons  were  concerned.  Our  sample 
of  men  is  therefore  probably  repre- 
sentative in  the  same  respect.  All 
available  data,  therefore,  indicate  that 
the  numbers  of  unmarried  men  we 
have  used  in  computing  the  "Children 
per  male  graduate"  in  Table  5  are  not 
far  from  what  they  would  have  been 
had  accurate  determinations  of  percent- 
ages of  married  men  in  the  whole 
body  of  graduates  been  available  for 
use. 

The  data  shown  in  Table  5  do  not 
meet  all  the  requirements  of  a  rigor- 
ous analysis.  If  the  wife  is  now  dead 
or  divorced,  the  alumnus  mav  marrv 
again  and  have  more  children  by  the 
second  wife.  In  cases  where  the  wife 
is  less  than  forty-five  years  of  age,  the 
family  may  yet  increase  in  size  be- 
cause the  mother  is  still  capable  of 
bearing  children.  The  averages  in 
Table  6  are  based  on  families  in  which 
(1)  the  husband  (a  graduate)  is  dead 
(13  cases),  and  (2)  families  in  which 
both  husband  (a  graduate)  and  wife 
are  living,  but  the  wife  is  not  divorced 
and  is  45  years  old  or  older. 

The  difference  between  the  mean 
number  of  children  of  married  alumni 
in  the  two  periods  is  .24  -  .22.  This 
difference  is  not  statistically  signifi- 
cant. It  may  have  been  due  to  chance. 
Had  the  two  groups  been  subjected  for 
equal  lengths  of  time  to  lethal  selec- 
tion, the  difference  might  have  been 
even  less,  as  pointed  out  for  Table  5. 

The  divergence  between  the  average 
numbers  of  children  per  male  gradu- 
ate. .29  t  .22.  is  likewise  not  statistical- 
ly significant.  The  percentages  of  un- 
married persons  used  in  making  these 
computations  are  the  same  as  in  the 
whole   flata   obtained   in   the  question- 
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naires  for  the  two  periods.  If  the 
ratio  between  the  married  and  the  un- 
married persons  used  in  the  computa- 
tions be  made  the  same  as  in  Table  5. 
the  averages  are  2.63  children  (1870- 
1884),  and  2.36  (1885-1899). 

It  is  clear  that  there  has  not  lieen  a 
considerable  or  significant  decrease  in 
the  size  of  the  families  within  the 
group  studied. 

The  Families  of  Clergymen 

The  Allegheny  College  statistics  fur- 
nish a  limited  opportunity  for  a  study 
of  the  families  of  clergymen.  The 
College  has  always  been  strongly  re- 
ligious. Many  of  its  alumni  are  min- 
isters. Some  of  them  hold,  and  have 
held,  high  offices  in  the  Church.  Table 
7  summarizes  the  data  for  these  men. 
There  are  college  presidents,  a  Y.  M. 
C.  A.  worker,  a  missionary,  and  so 
forth,  but  all  except  eight  are  known 
to  have  been  actively  engaged  in  the 
Christian  ministry.  Of  the  married 
individuals,  only  those  are  tabulated 
whose  total  number  of  children  to 
date,  dead  and  living,  was  furnished 
by  the  (|uestionnaires. 

A  second  computation  of  the  aver- 
age number  of  children  per  family  was 
made,  discarding  all  cases  where  the 
wife  is  dead  or  younger  than  45  years. 
The  average  for  the  earlier  period 
was  4.T  children  (19  families),  and  .'?.l 
{'lis  families)    for  the  later  i)eriod. 

Compare  Table  7  with  Tables  3.  5 
and  ().  The  most  striking  feature 
brought  out  by  this  comparison  is  the 
somewhat  larger  size  of  minister's 
families,  especially  for  the  classes  of 
]ST()-1.SS4.  The  superiority  of  the 
clergymen  almost  disappears,  however, 
in  the  second  ])eri()d.  The  drop  in 
the  size  of  the  families  by  an  average 
of  over  one  and  a  half  children  each, 
suggests  that  voluntary  limitation  came 
into  vogue  among  the  indi\iduals  of 
the  later  jjcriod. 

c.  The  third  and  most  important 
question  is.  has  the  group  under  obser- 
vation ]-)roduced  enough  children  to 
rei)lace    itself?      Will    the    number    of 


children  who  reach  early  manhood,  the 
approximate  age  at  which  their  parents 
graduated  from  college,  be  less,  equal 
to,  or  greater  than  the  total  number 
of  parents  plus  their  unmarried  class- 
mates ? 

^Nlany  of  the  children  of  the  earlier 
graduates  are  doubtless  middle-aged  by 
this  time.  Init  on  the  other  hand  a 
considerable  number  of  the  offspring 
of  the  later  graduates  are  probalily  still 
young  children.  Therefore,  direct  ob- 
servations on  these  children  would  not 
furnish  a  satisfactory  answer  to  this 
question. 

The  nearest  approach  to  an  accurate 
answer  is  found  by  employing  a  mor- 
tality table.  In  such  a  table  a  hypo- 
thetical number  of  individuals  (10,000 
or  100,000  for  instance)  is  represented 
as  starting  life,  say  at  0  age.  The 
probable  number  that  will  survive  death 
is  then  shown  for  each  succeeding  year 
until  extreme  old  age.  I  have  emjjloyed 
the  Northeastern  States  Mortality 
Table."  The  data  used  in  constructing 
this  table  were  "the  death  returns  for 
the  five  calendar  years  1908-1 9 T-i,  in- 
clusive, and  the  census  returns  as  of 
June  1.  1900,  and  April  15,  1910.  for 
the  New  England  States  and  the  three 
Middle  Atlantic  States,  New  York, 
New  Jersey,  and  Pennsylvania."  It 
will  be  observed  that  this  table  is  u 
recent  one  covering  the  territctry  m 
which  a  very  large  ]«rt  (»f  the  gradu- 
ates have  lived. 

The  numerical  maintenance  of  this 
limited  section  of  the  j^opulation  ol)- 
viouslv  de])ends  not  only  upon  the 
replacement  of  the  parents  (one  or  both 
f)f  whom  in  each  family  is  a  graduate 
of  Allegheny  College),  but  also  of  the 
unmarried  classmates  of  the  parents. 
.\  few  of  the  men  (14)  married  women 
graduates.  These  women  are  counted 
among  the  wives  of  the  male  graduates 
and  not  under  the  hcaditig  of  wf)men 
graduates  in  Tables  S  and  10.  Thus 
they  are  not  counted  twice.  When- 
ever a  male  alumnus  married  a  second 
time,  the  second  wife  is,  of  course, 
counted  as  one  of   the   parental   group. 
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The  children  inchcated  in  Tahle  8  are 
from  only  those  faniihes  where  the 
total  number  of  children  to  date  (liv- 
ing and  dead)  was  given  on  the  ques- 
tionnaires. 

The  number  of  children  comj)uted 
to  be  the  survivors  at  23  years,  the 
approximate  average  age  at  which 
their  parents  graduated  (Table  3),  is 
fifty-nine  less  than  the  parental  group. 
This  number  of  survivors  at  twenty- 
three  years  is  only  ninety-one  per  cent, 
of  the  parental  grouj). 

Compare  this  with  the  record  of  the 
ministerial  graduates,  Table  9. 

The  ministerial  group,  with  its  rela- 
latively  high  marriage  and  birth  rates, 
is  apparently  increasing,  for  the  cam- 
puted  number  of  children  surviving  at 
age  of  twenty-three  years  is  thirty-six 
per  cent.  i}i  excess  of  the  parental 
group.  The  birth  rates  in  Table  7 
should  be  consulted  in  connection  with 
Table  9.  There  is  no  apparent  reason 
for  believing  that  the  clergymen  as  a 
group  have  been  naturally  more  fertile 
than  the  other  alumni.  Conscientious 
scruples,  entirely  praiseworthy  in  the 
main,  may  have  prevented  them  from 
using  contraceptive  measures  to  the 
same  extent  as  the  other  graduates. 
It  should  be  noted,  however,  that  the 
size  of  the  family  shows  an  abrupt  de- 
crease in  the  second  period. 

I  suspect  that  a  real  process  of  nat- 
ural selection  has  been  operating  here. 
The  minister,  more  altruistic  and  with 
greater  faith  in  the  future  than  his 
schoolmates,  has  ventured  to  rear  more 
children,  even  on  an  inadequate  salary. 
1  he  writer  is  not  aware  that  love  of 
children,  altruism,  or  any  other  char- 
acteristics that  would  lead  to  the  de- 
sire for  a  large  family,  are  inherited ; 
but  if  they  are  inheritable  the  greater 
reproductive  rate  of  the  ministers  may 
i)e  eugenically  significant.  Surely,  it 
would  be  fortunate  if  the  higher  moral 
qualities  could  be  disseminated  in  a 
race  by  the  extinction  of  selfish  strains 
through  excessive  birth  control,  and  a 
corresponding  increase  in  altruists. 


Some  of  the  families  represented  in 
Table  8  will  doubtless  be  augmented. 
A  part  of  the  women  there  have  not 
reached  the  end  of  the  reproductive 
period.  The  families  in  Table  10  are 
complete,  as  far  as  can  be  determined. 
The  families  of  male  graduates  are 
confined  to  those  in  which  (1)  the 
husband  is  dead,  or  (2)  both  husband 
and  wife  are  living,  but  the  wife  is  not 
divorced  and  is  45  years  old  or  older. 
Obviously  a  widower  or  divorced  man 
could  marry  a  woman  young  enough 
to  bear  children.  The  number  of  un- 
married men  has  been  reduced  so  that 
the  ratio  between  married  and  unmar- 
ried is  the  same  as  in  Table  8 ;  the 
same  is  true  for  the  women. 

The  number  of  offspring  computed 
as  survivors  at  the  age  of  twenty-three 
is,  curiously,  ninety-one  per  cent,  of 
the  parental  group  here  also. 

This  percentage  is  probably  too  low, 
for  the  following  reasons.  These 
children  came  from  parents  who  were 
longer-lived,  on  the  average,  than  the 
complete  body  of  graduates  from  1870- 
1899.  The  rather  unusual  vigor  of  the 
parents,  manifesting  itself  as  corre- 
sponding extension  of  life,  has  doubt- 
less been  transmitted  to  some  extent 
to  their  children.  Therefore  it  may  be 
that  these  children  have  the  capacity 
for  living  longer,  on  the  average,  than 
even  the  population  from  which  the 
Northeastern  States  Mortality  Table 
was  computed.  But  it  is  hard  to  be- 
lieve that  the  survivors  at  the  age  of 
twenty-three  years  would  much  exceed 
the  parental  group  numerically.  The 
total  number  of  children  at  birth  was 
only  seventeen  or  eighteen  per  cent 
(Tables  8  and  10)  in  excess  of  the 
parent  group.  The  great  mortality  of 
infancy  (nearly  thirteen  per  cent,  dur- 
ing the  first  year  of  life,  ordinarily) 
would  surely  greatly  reduce  this  ex- 
cess. 

A  studv  of  the  reporting  graduates 
of  the  classes  from  1890-1899  fur- 
nishes confirmatory,  though  by  itself 
inconclusive,  evidence  in  favor  of  the 
view     that    the    group    of    graduates 
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about  wliom  we  have  gathered  com- 
plete information  has  hardly  more 
than  replaced  itself.  There  were  126 
men  in  this  decade  whose  total  number 
of  children  to  date,  living-  and  dead, 
were  reported.  There  were  nineteen 
single  men.  The  married  men  had 
been  married  an  average  of  22.7  years 
when  the  information  was  collected. 
This  parental  group  of  271  persons 
(husbands,  wives,  and  single  men)  had 
279  surviving  children.  The  latter  ex- 
ceeded the  former  by  three  per  cent. 
The  average  age  of  the  children  is  not 
known,  but  it  is  probably  considerably 
less  than  the  above  average  duration 
of  the  married  period.  That  is,  the 
mean  age  of  the  children  is  doubtless 
less  than  twenty-three  years.  The 
slight  excess  (3  per  cent.)  in  the  num- 
ber of  children  above  the  parental 
group  will  undoubtedly  be  lowered  or 
obliterated  by  the  time  the  average 
age  reaches  twenty-three  years. 

If  only  those  families  (70  in  num- 
ber) are  considered  in  which  future 
child  bearing  is  improbable  or  impos- 
sible, the  surviving  children  (161)  ex- 
ceed the  parental  grouj)  (husl)ands, 
wives,  and  a  proportionate  number  of 
single  men)  by  only  6.6  per  cent.  The 
average  duration  of  married  life  in 
these  cases  was  25.3  years. 

The  ages  of  the  fifteen  women  gradu- 
ates of  the  decade  1890-1899  show  that 
their  families  will  doubtless  not  in- 
crease. All  but  one  (43  years  old) 
have  reached  or  jiassed  their  forty- 
fifth  year.  There  are  only  twenty- 
two  surviving  children,  scarcely  half 
the  number  (45)  of  the  parental  group 
(husbands,  wives,  and  single  wf)men). 


Conclusion 

I  believe  the  facts  justify  the  fol- 
lowing conclusions.  (1)  The  selected 
group  of  graduates  I  have  studied  will 
raise  to  maturity  only  about  enough 
children  to  replace  itself.  (2)  Could 
complete  data  have  been  collected  for 
all  the  graduates  from  1870-1 S99,  it 
would  probably  have  been  found  that 
this  aggregation  has  not  replaced  itself. 
It  will  be  recalled  that  about  twenty- 
five  per  cent  of  the  alumni  are  dead. 
This  means  that  the  survivors,  to  whose 
families  almost  exclusively  our  facts 
apply,  were  longer-lived,  on  the  whole, 
than  their  deceased  colleagues.  The 
longer-lived  people  have  the  larger 
families.  Hence  the  group  of  alumni 
we  have  studied  was  doubtless  some- 
what more  fecund,  in  pro]>ortion  to  its 
size,  than  the  whole  alumni  body. 
Therefore,  if  the  former  scarcely  more 
than  rejjlaced  itself,  the  latter  probably 
did  not.* 

The  writer  does  not  imply  that 
-Allegheny  College  is  in  any  way 
unique  in  this  respect.  Low  birth 
rates  seem  to  be  characteristic,  as  has 
been  mentioned,  of  college  graduates 
and  the  "higher"  classes  of  societv  in 
general.  The  showing  of  the  Allegheny 
College  alumni  is  better  than  that  of 
graduates  of  Wellesley,  Mount  Holy- 
oke,  X'assar.  Harvard.  Yale,  and  Syra- 
cuse. The  writer  is  inclined  to  believe 
that  the  ])leasant  and  wholesome  social 
relationships,  fostered  by  the  college 
authorities,  between  men  and  women 
students  at  .\llegheny.  favors  matri- 
monv. 


*The  following  suggestion  was  received  from  Dr.  Sewall  Wright  of  Washington.  D.  C. 
after  this  article  went  to  press: 

It  is  obvious  that  the  i)arental  group  under  consideration  includes  not  only  the  college 
graduates,  but  also  a  part  of  the  general  population,  namely,  the  wives  and  husbands  of 
these  graduates.  Hence,  in  addition  to  including  in  the  iparental  group  the  unmarried 
graduates,  a  certain  number  of  unmarried  persons  from  that  section  of  the  population  into 
which  the  graduates  married  should  have  been  added  to  the  parental  group.  The  writer 
knows  of  no  way  in  which  the  appropriate  number  of  such  single  persons  from  the  general 
population  could  be  computed.  However,  it  is  clear  for  the  above  rea.son  that  the  parental 
group  cited  in  this  paper  is  smaller  than  it  should  be.  Therefore,  it  seems  likely  that  the 
families  of  .Mlegheny  graduates  have  fallen  even  farther  short  of  replacing  their  section 
of  the  population  than  is  indicated  in  this  article. 
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The  situation,  from  a  l)iological  and 
racial  standpoint,  at  Allegheny  Col- 
lege and  the  other  institutions  cited, 
is  unsatisfactory.  The  population  of 
the  United  States  has  more  than 
douhled  during  the  period  covered  by 
this  study.  Much  of  this  increase  is 
due  to  the  immigration  of  stocks  of 
doubtful  or  inferior  worth.  The  spec- 
tacle of  the  stationary  or  dwindling  old 
American  families  of  demonstrated 
capacity,  silhouetted  against  the  (until 
recently)  inrushing  hordes  from  south- 
ern and  eastern  Europe,  is  an  ominous 
spectacle  that  no  intelligent  person  will 
ignore. 

The  ethical  aspects  of  the  problem 
should  be  considered  with  the  biologi- 
cal. Childless  persons  and  single  chil- 
dren are  not  likely  to  be  habitually 
cooperative.  The  "give  and  take"  in 
a    family    of    five    or    six    persons    de- 


velcjps  habits  of  heli)fulness  that  make 
a  better  neighbor  and  citizen.  Love 
of  the  members  of  one's  family  is  a 
channel  through  which  love  for  man- 
kind in  general  may  easily  flow. 

Summary 

Variations  in  mental  capacity  are  in- 
herited. In  spite  of  the  fact  that 
civilization  and  progress  depend  upon 
a  sufficient  proportion  of  unusually 
intelligent  persons,  such  strains  do  not 
appear  to  be  holding  their  own  in  our 
increasing  population.  This  is  true  of 
college  graduates  as  far  as  they  have 
been  studied.  The  birth  and  marriage 
rates  have  remained  fairly  constant  for 
graduates  of  Allegheny  College  (classes 
of  1S70-1899).  but  the  group  has  prob- 
ablv  fallen  somewhat  short  of  produc- 
ing enough  children  to  replace  itself. 


Period 

of 
gradua- 
tion 

I 870- I 884 
i88s-i8qq 


Table 
Single 


No. 


Per 
cent 

4-3 
2.6 


Data    ciDiccrning   families    of   clergymen. 
Married 


No. 

22 

37 


Per 
cent 

95-7 
974 


Average  Average 

age  at  age  at 

gradua-         mar- 

tion  riage 


24.9 
26.2 


29-5 
30.8 


Childless  Av.  No. 

Marriages  children 

_— —        per 

No.      Per  cent  family 


9-1 
16.2 


4-7 
30 


T.\BLE  8.     Comparison   of  parental  group   with   the   computed   number   of   children    to    reach 

an  age  of  20-24  years. 

Number  of  married  man  graduates,  plus  their  wives,  some  of  whom  are  graduates....   510 

Number  of  second   wives   of   men  graduates 9 

Number  of  single  men  graduates - 3" 

Number  of  married   women  graduates,   plus  their   husbands;   women   who   married   men 

graduates   are   omitted 54 

Number   of   single   women   graduates 32 

Parental    group,    total 641 

Number  of   men   graduates'   children,    living   and    dead;    (includes   all    children    both    of 

whose   parents   are   graduates ) 698 

Number  of  women  graduates'  children,   living  and   dead 54 

Total    children     752 

Computed  surviving  children,  age  20  years 59i 

Computed  surviving  children,  age  21  years 588 

Computed  surviving  children,  age  22  years 585 

Computed  surviving  children,  age  23  years 582 

Computed  surviving  children,  age  24  years 579 
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Table  9.     Comparison   of  clergymen  of  parental  group  zvith   the   number  of  their  surviving 

children  23  years  of  age. 

Number   of   married   ministerial   graduates    plus    their    wives ii8 

Number    of    second    wives 3 

Number  of  single  ministerial  graduates ■  2. 

Total    123 

Number  of  minister's   children,   living  and   dead 216 

Computed  surviving  children,  age  22, 167 

Table  10.     Comparison  of  size  of  parental  group   in  zvhich   the  zvives  are  at  least  43  years 
of  age,  with  the  number  of  surviving  children  20-24  years  old. 

Number  of  married  men  graduates,  plus  their  wives,  some  of  whom  are  graduates....  352 

Number  of  second   wives   of   men  graduates 7 

Number    of   single    men   graduates •  25 

Number  of  married  women  graduates    (45  years  old  or  older,  or  deceased),  plus  their 

husbands ;    women    who   married    men   graduates   are    omitted 48 

Number    of    single    women    graduates 28 

Parental    group,    total 460 

Number   of   men   graduates'  children,   living  and   dead,    (includes    all    children,    both    of 

whose  parents  were  graduates) 493 

Number  of  women  graduates'  children,  living  and  dead 49 

Total    children    542 

Computed  surviving  children,  age  20  yeai  s 426 

Computed  surviving  children,  age  21   years 424 

Computed  surviving  children,  age  22  years 422 

Computed  surviving  children,  age  23  years 420 

Computed  surviving  children,  age  24  years 418 


A  Handbook  for  Tropical  Plant  Breeders 

Handbucii     dp:r     L.xxdwirtiischaft-  Freeman  (cotton).     While  most  of  the 

LiCHE    Pfi.an7.p:nzueciitung.   by   C.  important  colonial   products  are  g^iven 

Fri'VVIRth.      Band   V.,    Die   Zeucht-  attention,     one     notes     some     stran_ije 

uni,'    kolonialcr    (jewaechse.      Zweite.  omissions,  as  for  instance,  the  banana 

j^aenzlich      neubearl)eitete      Auflage.  and   the   pineapi)le.      The   date   palm   is 

Pp.  272.     Price,  $2.00.     Berlin,  Ver-  dismissed    with    a    perfunctory    sint,de 

lagsbuchhandlunt^   Paul    Parey.    1023.  paj^-e.      The    volume    lacks    an    index. 

The  f^r.st  edition  (1912)  of  Dr.  Fru-  ^'"t    despite    some    imperfections,    the 

wirth's    uni.iue    and    almost    indispen-  'f  ol<  stands  alone  as  a  compdation  of 

sible  work  has  been  out  of  print   for  ^he  most  u.setul   data  c)n   the  breedm- 

nine  years;  only  the  war  and  the  sub-  "^  ?"^^  ,"1^  ^}'^  j.nnciiial  crops  of  the 

sequent    difficulty   of   ^ettincr   totjether  ^^orM.      Much    ot   the   most   miportant 

a  new  set  of  collaborators  have  caused  ''''''^    '"    P'-'^'it    breedrng^    dunng    the 

this    delav    in    its    reappearance.      The  "^'>^t    few    .irenerations    is    likely    to    be 

present  book  is  rewritten  and  brou-ht  ^'""^'  '"  t'^^'  hitherto  largely  untouched 

up  to  date  bv  experts   from   all   parts  *icl'l   of   tropical    crops,   and   Dr.    I<ru- 

of  the  world':  American   collaborators  wirth's  handbook  will  j)robably  be  the 

are   H.   J.   Webber    (citrus   fruits).   O.  starting  point   for  most  of  the  ))reed- 

K.    White    (castor    bean),    and    G.    F.  ers. — P.  P. 
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MALE  AND  FEMALE  HAIRWORMS 

The  Ki^'iius  AKamiris  cmUains  some  of  the  larger  ^lacii-  <>\  hairworms.  Tlie  average 
length  of  the  females  of  . /</.  dccaudata  (bottom)  is  nearly  eleven  inches;  that  of  the 
males  (top)  is  not  quite  three  inches.  Many  nematodes  are  parasites,  and  nearly  every 
kind  of  plant  and  animal  is  an  actual  or  potential  host  for  one  or  more  species  of  them. 
Nematodes  are  not  immune  from  attacks  by  their  f)wn  kind :  in  some  cases  they  even  prey 
on  individuals  of  the  same  species,  something  very  unusual  among  anything  but  human 
parasites.  Their  parasitic  habit  gives  nematmles  great  economic  importance.  Some  species 
are  a  serious  menace  to  crops  and  herds,  while  others  prey  on  our  most  dangerous  insect 
pests  and  offer  a  promising  means  of  combating  them. 


INTERSEXES  IN  NEMATODES 

G.  Stp:iner 
Bureau  of  Plant  Industry,  L'.  S.  Department  of  Af/riculture.   IVaslilnr/ton,  I).  C. 


SIIMULATED  by  the  experi- 
ments of  Goldschmidt  on  the 
Gyi)sy  Moth  the  writer  carried 
out  extensive  experiments  in  the  win- 
ter and  spring  of  1921-32.  in  which 
he  attempted  to  cross  several  morpho- 
loj^ically  closely  related  free-living 
nematode  species/  The  chief  aim 
was  to  see  if  intersexes  (as  the  term 
is  used  hy  Goldschmidt)  could  he 
produced  by  hybridization  of  certain 
easily  reared  species. 

Intersexes  are  individuals  which  pos- 
sess the  sexual  characters  of  one  sex 
mixed  with  the  characters  of  the  other. 
Such  cases  have  been  long  known  and 
some  of  them  were  designated  her- 
maphrodites, gynandromorphes.  etc. 
Modern  experiments  have  showed  that 
whole  series  occur  in  which  the  char- 
acters of  a  male  and  female  are  more 
or  less  mixed,  thus  rei)resenting  all  pos- 
sible steps  between  a  true  female  and 
a  true  male. 

Mention  of  some  intersexes  alreadv 
existed  in  nematode  literature ;  there 
were    several    short    accounts    of    them 


in  some  species  of  Mcnnitliidac,  and  a 
description  of  those  rei)orted  in  other 
genera  is  given  in  later  paragraphs  of 
this  paper. 

Unfortunately  my  experiments  did 
not  have  the  desired  results.  It  seems 
to  be  very  difficult  to  cross  the  sj^ecies 
of  the  genera  mentioned  in  the  foot 
note.  Thus  far  my  experience  agrees 
with  that  of  Maupas.  published  in  a 
posthumus  paper  edited  by  Caullery." 

During  the  last  few  months  the 
writer  was  called  upon  to  identify  a 
large  number  of  Alermithidae.  Nu- 
merous intersexes  were  observed.  Since 
the  sex  problem  is  today  a  center  of 
biological  discussion,  a  description  of 
these  intersexes  is  certainly  of  some 
interest  at  this  time. 

Intersexes  in  the  Hair-Worm 

Hitherto  every  investigator  who  has 
studied  any  considerable  number  of 
Ag.  albican/'  or  related  forms,  men- 
tions the  presence  of  intersexes'  in  this 
species.  ]\Ieissner  in  his  splendid 
studv   of   this    form   describes   as   earlv 


'For  thf  iipportunity  to  carry  on  thcsi-  cxptriincnts  I  am  greatly  indebted  to  the  authori- 
ties of  Yale  University  and  the  staff  of  the  Osborn  Zoological  Laboratory,  New  Haven,  Conn. 
Species  of  Rhabditis.  Plcctus,  Ccphalobus  and  Diplogaster  were  used  in  these  experiments, 
an  account  of  which  will  be  given  in  a  later  paper. 

^Maupas,  Emilc.  Essav  d'Hvbridation  chez  dcs  Nematodes.  Bull.  Biol,  dc  la  France  et 
de  la  Belgique.     T.  52.     19 19. 

"'  During  recent  experiments  it  was  found  best  to  split  the  former  genus  Mermis  into 
several  new  genera.  In  the  future  the  genus  Mermis  will  include  only  those  forms  with 
four  head  papillae,  two  mouth  papillae,  amphids  situated  laterally  in  the  same  level  with  the 
head  papillae,  mouth  terminal,  vagina  S-shapcd ;  type  species  .^[.  nigrcscciis  Diij.  The  new 
genus  Agamermis  will  include  forms  with  six  head  papillae,  no  mouth  papillae,  amphids 
mostly  behind  the  lateral  head  papillae,  or  slightly  shifted  dorsad,  mouth  terminal,  vagina 
S-shaped.  In  entering  the  host  the  preparasitic  larva  of  this  genus  drops  five-sixths  of  its 
body  through  self -amputation  at  a  preformed  node,  (^ur  type  species,  ./,(/.  dr  caudal  a  resem- 
bles very  much  the  former  McrDiis  allucans  as  described  by  Meissner  and  partly  by  Hagmeier, 
but  differs  from  it  through  the  structure  and  position  of  the  amphids  or  lateral  organs,  and 
the  cells  around  the  esophagus.  Furthermore  it  is  not  known  whether  in  the  latter  form 
the  tailpart  of  the  larval  body  is  dropped  by  self-amputation,  as  in  Ag.  dccai(data.  We  are 
sure  that  M.  allyicaits  of  earlier  investigators  includes  perhaps  a  number  of  different  species. 
For  further  details,  see  the  preliminary  paper:  Cobr.  Stkixkr.  and  Christik.  .{(UDitcrmis 
dccaudata,  a  Nema  Parasite  of  Grasshoppers  and  Other  Insects.  Journal  of  Agricultural 
Research.  Vol.  23.  No.  11,  192.3. 

*  They  were  not  termed  such,  but  were  called  hermaphrodites  or   "Zwitter." 
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TAIL   END   OF    MALE   AND    FEMALE 
NEMATODES 

Figure  2.  Intersexes  are  individuals  hav- 
ing the  reproductive  organs  of  one  sex  and, 
in  addition,  certain  organs  or  tissues  typical 
of  the  other.  All  of  the  intersexes  so  far 
observed  in  nematodes  have  been  females  in 
which  certain  typically  male  parts  are  pres- 
ent. Above  is  shown  the  tail  end  of  a  nor- 
mal female  ( right )  and  of  a  normal  male 
(left),  showing  the  male  organs  that  are 
found  in  intersexual  females  (Figures  5-8). 
dct  ej,  ejaculatory  duct ;  brs  muse,  bursal 
muscle  ;  $  ppl,  male  papilla  ;  ptrct  nisc,  pro- 
tractor muscle ;  rtrct  msc,  retractor  muscle ; 
sp,  spicuhtin. 

as  1854  three  inter.sexual  females  and 
is  very  much  ])uzzled  over  this  unusual 
combination  of  male  and  female  char- 
acters. 

The  majority  of  the  specimens  of 
Agamennis  dccaudata  which  I  have 
had  the  opjjortunity  to  study  came 
from  Falls  Church,  Virginia,  and  were 
collected  by  Mr.  |.  R.  Christie.  It 
was  very  striking  that  the  specimens 
with  intersexual  characters  were  as 
numerous  as,  or  even  more  numerous 
than,  nornial   females. 

One  important  fact,  to  be  noted  at 
the  outset,  is  that  Jiithcrto  only  inter- 
sexual females  have  been  observed, — - 
that  is,  all  specimens  with  interse.xual 
characters    were     females ;    the    female 


A    SLIGHTLY    INTERSEXUAL    FORM 

Figure  3.  Tail  end  of  female  Ag.  dccau- 
data, showing  a  sm.all  amount  of  male  tissue 
i  $  t).  Goldschmidt  experimentally  pro- 
duced "consecutive  intersexuality"  in  moths 
by  crossing  related  races.  These  individuals 
would  begin  life  as  females  and  gradually 
change  to  males,  at  the  same  time  losing 
their  female  characters.  He  accounted  for 
this  change  by  assuming  that  the  sex  de- 
terminers of  the  different  races  used  in  the 
experiment  had  a  different  relative  rate  of 
activity,  and  that  an  initially  slow-working 
"male  factor"  would  gradually  increase  in 
activity  until  it  overshadowed  the  "female 
factor,"  when  the  individual  would  change 
from  a   fem.ale  to  a  male. 


sex  organs  were  completely  and  nor- 
mally developed.  Vulva,  vagina,  uteri 
and  ovaries  were  normal  and  in  most 
of  the  animals  eggs  were  present  in 
the  oviducts  and  uteri.  Up  to  the 
])resent  the  writer  has  never  seen  a 
male  with  intersexual  characters,  and, 
as  far  as  he  knows,  no  other  investi- 
gator  has. 

Let  us  now  first  see  what  a  normal 
female  and  male  of  this  species  look 
like: 

The  two  sexes  may  be  distinguished 
from  each  other  with  the  naked  eye, 
as  they  are  in  most  cases  distinctly 
different  in  size.  The  photographs, 
(Frontispiece),  show  a  female  and 
several  males  that  were  found  together 
in  the  soil.  The  female  is  several 
times  larger  than  the  male.  The  aver- 
age length  of  si.x  females  was  found 
to  be  'IWi.'i  mm.,  ranging  from  1!M) 
to  3<S()  mm.,  whereas  the  average  length 
of  ten  males  was  only  (53.5  mm.,  rang- 
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ing  from  43  to  104  mm.  Hagmeier 
gives  for  the  males  of  Ag.  albicans  a 
length  from  29  to  (SO  mm.,  for  the  fe- 
males 38  to  320  mm.  Occasionally 
very  small  females  may  also  be  seen 
in  this  species  exceeding  in  length  only 
slightly,  or  not  at  all.  the  average  male. 
Unusually  large  males  have  also  been 
observed,  attaining  the  length  of  the 
smaller  females.  W'bile  the  size  may 
therefore  have  a  certain  value  in  deter- 
mining the  sex  of  individuals  the  gonads 
and  copulatorv  organs  are  nevertheless 
the  chief  characters.  The  female  sexual 
ojjening.  the  vulva,  is  a  narrow  trans- 
verse fissure  near  the  middle  of  the 
body.  It  leads  into  a  tubular  vagina 
o]:)ening  at  right  angles  into  the  uteri. 
They  are  outstretched,  one  forward  the 
other  backward,  and  merging  through 
the  oviducts  into  the  ovaries    (Fig.   1). 

The  male  sex  opening,  however,  is 
situated  near  the  tail  end.  and  com- 
bined with  a  co])ulatory  apparatus  con- 
sisting of  two  cutinized  spicula  and  the 
muscles  needed  to  move  them.  riie 
ductus  cjaculatorius,  succeeded  l)\'  the 
vas  deferens,  leads  to  two  testes  of 
which  the  one  is  outstretched  forward 
and  the  other  backward.  Furthermore, 
so-called  bur.sal  muscles  are  ])resent  in 
the  tail  end  of  the  male  on  each  side 
a  left  hand  and  a  right  hand  series. 
They  are  slightly  inclined  to  the  body 
axis  and  by  their  action  the  tail  end 
of  the  male  is  enabled  {(<  embrace  in  a 
spiral  manner  the  body  of  the  female. 
P)csides  these  organs  there  are  numer- 
ous pai)il!ae  on  the  male  tail  end, 
being  the  endings  of  nerve  filjres.  as 
shown   in    {-"igures    1    and   2. 

ihus  the  organization  of  the  female 
A(/.  decaiidiila.  is  distinctly  diiYerent 
from  that  of  the  male.  Hagmeier  ob- 
served another  ditference  between  males 
and  females  of  A</.  alhicans.  namely, 
the  size  of  the  amphids  (Cobb)  or 
lateral  organs,  which  he  says  are  small- 
er in  the  female  than  in  the  male,  hi 
our  specimens  we  were  not  able  t<t  ob- 
serve this  distinction. 

The  intersexes  observed  in  American 
A;/,  decaudota  and  now  aiK)Ut  tc*  l)e  de- 
scribed, arc.   as   alreadv   mentioned,   all 


FREE-LIVING    LARVAL    FORM 

Fkiirh  4.  The  fir.st  larval  stage  of  Ag. 
(li'caiKidlii  is  frce-livinp,  wliile  the  second 
larval  stase  is  parasitic  iipDU  grasshoppers, 
roaclus  and  possibly  other  insects.  Whcr. 
tile  larva  enters  the  host  or  shortly  after- 
ward about  five-si.xths  of  the  body  is 
dropped  and  only  the  head  end  (a,  in  fi,c;ure) 
continues  to  live  and  grows  into  the  adult. 
Division  of  the  body  takes  place  at  a  pre- 
forined  node  (»i).  This  is  one  of  the  most 
remarkable  cases  of  .self -amputation  known 
and  was  first  observed  by  Dr.  N.  A.  Cobb. 
It  shows  that  the  part  of  the  alimentary 
tract  that  is  homologous  with  the  rectal  and 
anal  regions  of  other  nematodes  ( r,  in 
figure),  is  dropiK-d  in  this  species.  There- 
fore what  ojK-nings  occur  at  the  tail-end  of 
the  adults  can  only  be  regarded  as  sex  open- 
ings  and   never   as   anal   oix-nings. 

females.  They  all  ha\e  complete  nor- 
mal female  .sex  organs  and  most  of 
them  normal  eggs  in  the  uteri,  and  all 
were     found    cncoiled    and    copulating 
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TAIL   OF    INTERSEXUAL   FEMALE 

Figure  5.  Two  views  of  the  tail  of  fe- 
male Ag.  decaitdata,  having  a  male  sex  open- 
ing (  o  so).  In  the  normal  female  no  such 
openings  occurs,  and  this  cannot  be  con- 
sidered a  rudimentary  anal  opening  because 
that  region  has  been  lost  in  the  adult  form 
(see  Figure  4).  It  is  difficult  to  arrange 
intersexual  characters  in  a  very  definite 
graded  series  because  in  some  cases  one  male 
organ  will  be  highly  developed  and  in  other 
individuals  this  organ  will  be  rudimentary 
and  others  will  be  much  more  prominent,  c, 
sub-median  longitudinal  chord :  /,  fat  body ; 
S    sfl.,  male  sex  opening. 

with  males.  The  intersexual  state  is 
onlv  to  he  determined  by  examination 
of  the  tail  end.  This  tail  end  has 
more  or  less  the  structure  and  organi- 
zation of  the  tail  end  of  a  male.  We 
have  pictured  such  transformed  female 
tail  ends  in  Figures  4  to  S.  All  grades 
of  transformation  can  be  seen  from  the 
typical  female  to  a  typical  male  tail 
end   (Figure  2). 

iMgure  4  is  the  tail  end  of  a  female 
which  shows  only  a  small  amount  of 
tissue  (connected  with  the  fat  body) 
which  has  to  be  regarded  as  tissue  of 
a  male  character,  since  in  the  normal 
female  no  such  structure  exists. 

.\  more  pronounced  intersexualit\-  is 
developed  in  the  female  whose  tail 
end  is  sketched  in  Figure  o.  Here 
a  rudimentary  male  sex  opening  is 
present.  It  may  be  said  that  this 
structure  should  be  compared  with  an 
anal  opening  and  be  designated  as  such. 
The  ancestors  of  .\gamermis  certainly 
once  had  a  complete  alimentary  tract, 
and  therefore  also  a  functional  anal 
opening.  The  figured  rudimentary 
openings  could  be  said  to  be  a  rudi 
mentarv  anal  (i])ening,  homolognus  with 


MALE    CHARACTERS    MORE     HIGHLY 
DEVELOPED 

Figure  6.  Tail  ends  of  two  females  show- 
ing more  marked  intersexuality.  The  indi- 
vidual on  the  left  has  a  male  sex  opening 
(  S  so)  and  male  papillae  (  S  pfl).  The 
one  on  the  right  has  two  rudimentary  spicula 
(sp),  and  male  papillae  much  less  developed 
than  the  other  specimen.  Irregularity  in  the 
development  of  the  male  organs  is  charac- 
teristic in  these  inter.se.xes.  It  is  believed 
that  this  is  due  to  the  fact  that  these  forms 
are  produced  by  hybridization  of  dififerent 
races,  in  which  the  time  and  rate  of  diflFer- 
entiation  of  the  sex  organs  vary  considerably. 

the  anal  openings  of  other  female 
nemas.  but  the  ontogenetical  develop- 
ment of  (»ur  forms  precludes  such  a 
possibility.  .As  Cobb  first  observed,  and 
as  described  in  the  above-mentioned 
preliminary  paper',  the  young  larva  of 
Ag.  dccandata  in  entering  the  host 
loses  about  five-sixths  of  its  total  body 
length  by  self -amputation.  \\'hat  de- 
velops into  the  adulr  'iAg.  dccandata  is 
only  the  small  head  part  of  the  pre- 
parasitic  larva,  shown  in  Figure  4.  At 
a  point  about  one-sixth  of  the  larva's 
total  length  from  its  head  end  a  small 
series  of  coin-like  cells  develops,  form- 
ing a  distinct  node.  In  entering  the 
host  the  larva  drops  all  of  its  body 
posterior  to  this  node  by  breaking  .n 
two  at  this  point.  Sometimes  the  ])Os- 
terior  part  of  the  larval  body  does  nPt 
enter  the  host  at  all,  breaking  off  as 
soon  as  the  head  of  the  larva  has 
worked  its  way  into  the  host.  In  other 
cases   the    whole    larva   enters    the    host 
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and  the  act  of  self -amputation  takes 
place  later. 

It  follows  from  these  facts  that  the 
above-mentioned  openings  of  the  fe- 
male tail  end  of  Ag.  dccandata  and 
perhaps  of  other  female  INIermithids 
can  not  be  regarded  as  rudimentary 
anal  openings,  but  must  be  sex  open- 
ings, as  all  tissues  which  are  homo- 
logous with  the  posterior  intestine,  the 
rectum,  and  the  anus  of  the  majority 
of  adult  nematodes  are  dropped  by  the 
Agamermis  larva  when  the  act  of  self- 
amputation   takes   place. 

Furthermore  the  relative  frequency 
of  these  openings,  and  the  fact  that 
such  female  tail  ends  form  a  graded 
series  linking  the  normal  female  and 
the  normal  male  tail  end,  speaks  against 
the  conception  that  they  are  anal  open- 
ings. If  we  take  this  grade  of  trans- 
formation out  of  the  series,  the  other 
members  of  it  could  not  be  understood 
or  placed,  whereas  by  regarding  it  as  a 
reduced  male  sex  opening,  it  completes 
a  natural  structural  series  that  can  be 
understood  without  difficulty.  Hag- 
meier  tf)o  regards  these  oi:)enings  as 
rudimentary  male  sex  openings  and 
not  as  vestiges  of  an  anal  ()])ening. 

Figure  6  is  a  sketch  of  two  female 
tail  ends,  one  of  which  has  not  only 
the  male  sexual  opening,  but  also  a 
number  of  male  ])apillae.  The  other 
re])resents  a  further  step  to  more  pro- 
nounced intersexuality.  There  is  a 
rudimentary  male  sex  ()])ening.  and 
also  two  very  small  spicula  and  traces 
of  two  male  ])apillae. 

Much  more  pronounced  is  the  inter- 
sexuality of  the  female  of  which  the 
tail  end  is  pictured  in  bigure  7. 
'I'he  first  gives  a  lateral,  the  sec- 
ond a  ventro-medial  view.  .\  distinct 
sex  o])ening  is  present  as  well  as  s])ic- 
iila.  which  are  asymmetric ;  the  spicu- 
lum  of  the  left  side  consists  of  two 
separated  i)ieces.  Some  tissue  belong- 
ing ])robably  to  the  sheaths  of  the 
spicula  is  also  dc-veloped.  Xumerous 
bursal  muscles  and  male  papillae  arc 
also  present,  the  latter  not  fully  grown. 

The  tail  end  of  an  intersexual  fe- 
male  sketched   in    b'igure   <S   is   of    ])ar- 


WELL-DEVELOPED     SPICULA 

FiGURK  7.  Two  views  of  a  female  with 
well  developed  spicula  (.?/>),  bursal  muscles 
(bur  muse)  and  papillae  (  6  tM-^-  ^t  must 
be  borne  in  mind  that  all  the  individuals 
shown  in  these  illustrations  have  in  addition 
to  the  male  organs  a  complete  and  function- 
al set  of  female  organs.  Left,  lateral  view ; 
right,  medio-dorsal  view ;  .?/>  s,  spiculum 
sheath. 

ticular  interest,  having  four  ])ieces  of 
spicula ;  morever,  they  are  asymmetric 
left  to  right ;  those  at  the  left  have  the 
general  form  of  sjiicula.  the  one  being 
smaller  than  the  other.  .\t  the  right, 
there  is.  besides  a  somewhat  normal- 
shaped  but  small  spiculum.  a  globular 
])ody.  Tissue  has  developed  around 
the  sjMCula,  also  a  sex  opening  can  be 
observed  as  well  as  some  few  bursal 
nuisclcs.  Male  ])a])illae  of  more  rudi- 
mentary character  are  also   present. 

'Three  more  advanced  cases  of  in- 
tersexuality were  mentioned  and  de- 
scribed by  Meissner  in  A<j.  alhiaiiis.  I 
my.self  have  not  yet  seen  such  high 
grade  intersexes.  In  these  three  si)eci- 
niens  of  Meissner  even  the  size  .seems 
to  have  been  involved  in  the  transmu- 
tatioti  toward  the  male.  He  states  that 
all  three  of  these  females  were  dwarfs, 
compared  with  normal  females,  and 
had  only  the  length  of  males.  It  ac- 
cords with  this  that  the  other  male 
characters  also  were  more  develoi)ed 
than  in  the  siK-cimens  above  de.scribed. 
Meissner  says  that  the  tail  ends  of  his 
females  were  completely  masculine, 
with    two   normally    formed    spicula   of 
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TWO   VIEWS   OF   A    HIGHLY    INTERSEXUAL   FEMALE 

Figure  8  This  female  has  a  double  set  of  male  spicula  {sp  1-4).  Three  arc  normal  in 
shape,  and  the  fourth  is  represented  by  a  spherical  body.  Notice  that  there  are  much  fewer 
papillae  than  in  the  female  shown  in  Figure  7.  These  intersexes  are  probably  due  to  natural 
crossing  of  distinct  races  or  closely  related  species,  as  were  the  intersexes  ot  the  gypsy  moth 
produced  artificiallv  bv  Goldschmidt.  Left,  lateral  view;  right,  ventra-submedial  view,  ;, 
fat  body  6  ppl  i^ale' papilla :  sp  1,  spiculum  of  the  left  side:  sp  3,  second  spiculum  ol  the 
ri^^ht  side-  ^p  4    globular  second  spiculum  of  the  left  side;  burs  muse,  bursal  muscle. 


equal  length  atid  thickness  with  the 
sheaths  well  developed,  hut  the  muscles 
around  the  spicula  were  not  as  strong 
as  in  the  true  male.  However,  the 
bursal  muscles,  the  rows  of  male  pa- 
pillae, and  even  the  general  form  of 
the  tail  end  was  exactly  like  the  normal 
male.  Rut  there  was  no  trace  of 
male  gonads  and  ducts.  Very  interest- 
ing it  seems  to  me  is  ]\Ieissner's  state- 
ment that  in  the  intersexual  females 
the  eggs  were,  though  normal,  some- 
what smaller. 

Undoubtedly  these  intersexes  are  the 
most  pronounced  of  this  kind  hitherto 
observed  in  Mermithids.  They  allow 
us  to  construct  a  complete  series  of 
intersexual  females  with  all  possible 
grades  between  a  normal  female  and 
a  female  with  complete  male  secondary 
sex  characters. 

As  already  stated,  nearly  every  in- 
vestigator   who    has    studied    carefully 


adequate  material  of  Ag.  albicans  has 
observed  such  intersexes.  Intersex- 
uality  seems  in  this  species  of  Aga- 
mcrinis  to  be  a  rather  common  phe- 
nomenon. As  far  as  tec  k}ww  there  is 
no  other  group  of  animals  knoicn  to- 
dax  in  icliich  i)iterscxes  are  observed 
in  such  numbers  under  natural  condi- 
tions and  normally  produced.  This 
seems  to  be  a  fact  specially  to  be 
noted. 

What  are  the  causes  of  these  condi- 
tions? As  yet  we  do  not  know,  but 
there  are  some  other  facts  about  Aga- 
mermis  decaudata  and  related  forms 
which  may  indicate  where  we  must 
look  for  an  explanation.  Recently  in- 
tersexes have  been  produced  experi- 
mentally bv  several  investigators,  as  by 
Goldschmidt  in  Lymantria  d  is  par;  by 
Keilin  and  Nuttal  in  Pcdiculus  capitis 
and  P.  corporis:  by  Sexton  and  Hux- 
lev  in  Cammarus  chevreuxi  and  related 
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VARIATIONS    IN    HEAD    ORGANS    IN    SPECIES    PRODUCING    INTERSEXES 

Fi(;iRK  '.).  The  head  organs  of  most  species  of  nematodes  are  very  constant  in  form  and 
position.  The  function  of  the  amphids  {Amph  \-'.\)  is  not  definitely  known,  but  there  is 
reason  to  believe  that  they  are  chemical  sense  orRans.  The  fact  that  they  are  so  similar 
on  different  individuals  of  the  same  species  makes  them  of  great  value  in  the  systematic 
classification  of  nematodes.  In  the  case  of  . /(/.  (iccaiidala.  however,  we  find  a  striking  ex- 
ception to  this  rule,  for  great  variation  is  observed  in  the  number  and  position  of  the 
am|)hids.  This  is  further  evidence  of  the  existence  of  numerous  closely  related  siK-cies  which 
intercross  in  nature,  .hiif  li,  ampiiid  :  ciil  in.  ciiticular  incision  between  the  papillae  of  the 
left  and  the   right   side. 


fonii.s.  by  I»ri(li;c's  in  imitaiits  of 
Drosnphila  uiclanof/nstrr  and  by  Sturte- 
vant  in  Prosof'hila  siimihins.  In  all 
tbcsi'  cases  intersexes  resultefl  finm 
hyl)ri(li7.ati()n  of  closely  related  }.,fcno- 
typcs.  Arc  there  sij^ns  that  also  in 
our  ca.sc  the  obscrvec!  intersexes  imild 
be  the  result  of  hybridization  of 
races  or  genotypes  closely  related  and 
living  mixed  with  each  otiier  in  nature? 
This  a])pears  to  be  the  fact.  Many 
difticulties  arose  as  I  tried  to  identify 
the  material  brought  to  me.  In  the 
taxonomy  of  nematofles  the  structure 
of  the  head  end  and  chiefly  tiie  organ- 


i/.atiitn,  the  location  and  niuiiber  (if 
the  head  sense-organs  are  of  high  im- 
portance. This  is  particularly  true  in 
the  Mermithids.  where  other  characters 
for  the  distinction  of  the  species  are 
\ery  few  in  number  and  many  of  them 
to  be  si-en  with  great  difticulty  or  only 
on  a<Uilt  s])ecimens.  Therefore,  a  close 
study  of  the  head  end  and  its  sense- 
organs  is  absolutely  needed  for  a  g(K)d 
identitication.  There  are  two  kinds  of 
head  sense-organs  in  most  of  the  nema- 
todes— the  papulae,  which  are  claimed 
to  l)e  organs  of  touch,  and  the  amphids 
(Cobb)    or    lateral    orffans.    which    are 
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TAIL  ENDS  OF  NORMAL   MALES 

FiGiRE  10.  In  addition  to  the  variation 
in  the  head  organs  of  this  species,  other 
normally  constant  characters  are  unusually 
variable.  This  shows  the  tail  ends  of  two 
normal  males  of  .-it/,  dccaudata.  Note  the 
considerable  variation  in  the  position  and 
number  of  the  papillae.  These  differences 
are  greater  than  are  found  in  other  species 
of   nematodes. 


proljably  chemical  sense  organs.  These 
organs  are  of  very  constant  nature  in 
nearly  all  nematode  species,  and  the 
amphids.  or  lateral  organs  are  especial- 
ly of  high  value  as  specific  characters. 
In  the  Mcrmithidae  this  is  particularly 
true.  The  adult  specimens  may  be 
identified  more  or  less  easily  by  the  aid 
of  the  sex  organs,  but  the  larval  speci- 
mens can  only  or  best  be  distinguished 
bv  the  sense  organs  of  the  head.  The 
position,  the  size,  and  the  structure  of 
the  amphids  is  very  dififerent  in  differ- 
ent species  of  Mermithidae.  although 
within  the  species,  with  few  exceptions, 
verv  constant.  Such  exceptions  are 
Ag.  dccaudata  and  related  forms.  The 
number,  the  structure  and  the  position 
of  the  amphids  varies  here  very  mucji. 
but  other  significant  and  easily  percep- 
tible ditTerences  have  not  yet  been  dis- 
covered. There  are  differences  also 
in  the  shape  of  the  tail  end.  but  these 
are  insignificant.  Perhai)S  the  number 
of  metabolic  cells  along  the  esophageal 
tube  may  be  of  taxonomic  use  if  more 
were  known   about  them. 

Figure    '.»    sliows    the    head    ends    of 


si)ecimens  of  A(j.  dccaudata.  all  differ- 
ing from  each  other  in  respect  to  the 
amphids.  Why  in  this  form  are  the 
amphids  so  inconstant,  while  they  are 
so  constant  in  most  of  the  other  nema- 
todes? Is  it  not  that  we  have  in  Ag. 
dccaudata  and  related  forms,  not  sharp- 
cut  species,  but  an  association  of  dif- 
ferent races  or  genotypes  and  numbers 
of  hybrids  between  them?  These  races 
are  perhaps  continually  crossing  and  it 
is  thus  that  such  a  multitude  of  struc- 
tural forms  in  the  head  end  comes 
al)()ut.  The  numerous  intersexes  are 
another  result  of  these  crossings  be- 
tween closely  related  genotypes.  In 
the  light  of  the  experiments  of  Gold- 
schmidt  and  the  other  above-mentioned 
investigators,  where  intersexes  resulted 
from  hybridization  of  closely  related 
forms,  it  is  highly  probable  that  there 
is  a  causative  relationship  in  this  case 
between  the  numerous  related  species 
and  races,  and  the  number  of  inter- 
sexes observed.  Yet  this  is  only  an  ex- 
planation which  seems  to  give  most 
satisfaction,  and  could  not  be  accepted 
as  final  until  the  matter  has  been  tested 
bv  experiment. 

More  recent  experiments  ])oint  to 
the  same  conclusion.  What  was  for- 
merlv  called  Mcrniis  albicans  by  dif- 
ferent authors  is  perhaps  a  group  of 
mori)hologically  closely  related  forms. 
It  may  be  that  they  are  species,  or  at 
least  races.  One  of  these  may  perhaps 
be  our  Agamcnnis  dccaudata.  which  ui 
the  adult  stage  reseml)les  to  a  high  de- 
gree the  former  species  and  was  ap- 
parently taken  as  such  by  Leidy  and 
other  authors.  Experiments  by  T.  R. 
Christie  and  the  writer  show  that  the 
larvae  of  this  latter  species  (decau- 
data),  could  not  be  brought  to  infest 
other  animals  than  grasshoppers  and 
roaches.  Yet  this  fonu  very  much  re- 
sembles the  former,  which  is  said  bv 
n-.anv  writers  to  ])arasitize  insects  of 
the  most  various  groups,  and  even 
snails. 

All  these  facts,  it  seems,  are  good 
evidence  that  the  numenms  intersexes 
observed    as    normallv    forthcoming    in 
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INTERSEXES  FOUND  IN  OTHER  GROUPS 

FiCLRK  11.  Intersexes  liave  also  been  nbserved  in  several  dtlier  groups  of  nematodes. 
The  three  left  hand  figures  show  respectively  the  tails  of  a  normal  female,  a  highly  inter- 
scxual  female,  and  of  a  normal  male  of  Enoplns  michcalsoni  v.  List.  (After  de  Man). 
This  form  is  a  free  living  marine  nematode,  very  different  from  the  species  discussed  in 
this  paper.  On  the  right  is  shown  the  tail  of  a  highly  intersexual  female  of  Mcrmis  mirabilis, 
as  described  and  figured  by  von  Linstow.  The  male  copulatory  organs  of  this  female  were 
well  developed,  burs  muse,  bursal  muscle ;  $  pf^l,  male  papilla  of  bristle  shape ;  pirct  mus, 
protractor  muscle  of  the  spiculum :  rlrcl  iiisc,  retractor  muscle;  /  ///  o.  tubular  gland  outlet. 
typical  f)f  the  male;  .s7>,  spiculum. 


diir  Mcrniithids  are  a  result  of  h\l)ri(l- 
ization. 

Intersexes  in  Other  Mermithid  Species 

Ag.  dccaudata  and  A</.  alhiaiiis  are 
far  from  beinj^  the  only  Mermithid 
s])ecies  where  interse.xe.s  liave  been  ob- 
served. 

V.  Linstow  mentions  (15M)8)  an  in- 
tersexual female  in  his  AI.  niirahilis. 
In  this  s])ecimen  the  female  sexual  or- 
^^ans  were  well  develoj^ed.  hut  on  the 
tail  end  male  cojmlatory  orjijans  were 
to  he  .seen;  a  male  t^onad  was  ahsL'nt 
(  h'ij,'urc  11). 

Haj.,'meier  observed  intersexes  in 
what  he  terms  Mcniiis  tcnicohi  Ha^. 
Amonj,'  twelve  specimens  two  were  in- 
tersexes ( I  la.i,Mneier  calls  them  herma- 
phrodites); both  had  the  appearance 
and  size  of  females;  ovaries,  uteri, 
vagina  and  vulva  were  w.-ll  develoi)ed  ; 
in  the  uterus  of  one.  ri])e  egjjs  were 
to  be  seen,  l^ut  the  tail  was  complete- 
ly masculine,  ihe  spicula  of  one  jiar- 
ticularly  larije  specimen  were  even 
larj/er    than    tho.se    of    a    normal    ma'e. 


but  not  so  strons.,dy.  and  somewhat 
irregularly  bent,  with  knot-like  thick- 
enings. The  sheaths  of  the  spicula 
and  also  the  long  rctractorcs  sf^icii- 
lontiii  muscles  were  present,  whereas 
the  biusal  muscles  were  ])resent  only 
in  the  tail  end.  The  male  pa])illae  were 
typically  formed. 

The  .second  si)ecimen  showed  more 
irregular  sincula  and  only  a  few  male 
])apillae.  bin  here  the  bursal  muscles 
were  fully  develoi)ed.  even  also  orad  of 
the  male  sexual  o])ening.  but  in  both 
cases  llagmeier  was  unable  to  find  anv 
traces  of  male  gonads. 

riie  .same  author  observed  also  iso- 
lated bursal  muscles  in  some  female 
s])ecimens  of  his  M.  c!r</(ins\  M.  alhi- 
lans  and  M.  arscnoidrs.  Male  sexual 
openings  were  often  observed  by  him  in 
females  of  M.  alhicans,  but  sometimes 
also  in  M.  clc(jinis,  M.  arcuicola  and 
Paramcrmis  fluziatilis.  Unfortunately 
we  do  n(>t  know  the  conditions  here 
accurately  enough  to  judge  whether  the 
above  outlined  explanations  woukl  fit. 
I'urther   investiLMtions   will   have   to   be 
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niadt,"  before  the  matter  will  he  cleared 
up.  hroni  niv  owii  ohservations  1  he- 
lieve  that  variations  similar  to  those 
described  above  for  A(/.  dccaudata  and 
related  forms  may  be  found  in  other 
Mermithid  si)ecies. 

Exactly  why  the  Mermithids  produce 
such  an  abundance  of  intersexes,  is  still 
unknown,  and  also  why.  ai)])arently. 
only  females  show  intersexual  charac- 
ters. Hitherto  no  one  has  observed, 
or  at  anv  rate  mentioned,  intersexual 
males  in  this  family.  In  regard  to  Aij. 
dccaudata  it  may,  however,  be  men- 
tioned that  the  number  of  the  papillae 
on  the  tail  end  of  the  male  is  extremely 
varial)le.  as  is  the  arrangement  also.  It 
is  hard  to  find  even  two  specimens 
which  are  in  this  regard  perfectly 
alike ;  also  the  length  and  even  the 
form  of  the  tail  itself  is  somewhat 
\ariable  as  well  as  the  length  of  the 
spicula    (  [-"igure   10). 

Intersexes   in   Free-Living    Nematodes 

Apart  from  the  family  of  the  ^ler- 
mithidae  intersexes  have  l)een  seen  in 
\erv  few  other  nematode  genera.  Some- 
what outstanding  in  this  regard  is  the 
genus  Trilobiis,  including  a  number  of 
fresh-water  free-living  forms.  In  1905 
(1.  c.  p.  55)  E.  von  Daday  describes 
a  very  pronounced  case  of  intersexuali- 
ty  in  Trilohus  longiis  Leidy  (  Trilobus 
dh'crsi-pa {^Hiatus  v.  Daday.)  It  was 
an  intersexual  female.  The  ovaries, 
uteri  and  vagina  of  this  female  were 
well  and  normally  developed,  the  vulva 
had  its  nonT.al  position  and  eggs  were 
seen  within  the  uteri.  But  this  female 
load  also  well  developed  s])icula.  and, 
according  to  v.  Daday,  all  the  preanal 
accessory  organs  of  the  male,  consist- 
ing of  a  group  of  three  large,  three 
medium-sized  and  numerous  small  jire- 
anal  papillae.  He  claims  even  to  have 
seen  a  short  testis  with  a  short  ductus 
cjaculatorlus.  but  ai)parently  not  func- 
tioning. 

More  often  intersexes  have  been 
observed  in  Trilohus  gracilis  Bastian. 
Of  this  species  Ditlevsen  mentions  a  fe- 
male with  well  developed  male  papillae, 
such  as  characterize  the  male,  but  with- 
out s])icula  and  gubernacula.     Recently 


W'ilhelm  Schneider  observed  two  inter- 
sexual females  of  the  same  s])ecies. 
One  iiad  completely  developed  spicula 
but  no  trace  of  any  papillae,  the  other 
female  showed  only  three  preanal  pa- 
])illae.  whereas  the  spicula  apparently 
were  ab.sent.  Both  si)ecimens  had  well 
developed  female  organs.  Dr.  X.  A. 
Cobb  tells  me  that  he  also  has  observed 
on  several  occasions  intersexual  females 
in  Trilohus  at  Washington.  D.  C.  and 
Mr.  Thorne  tells  me  the  same  thing 
for  specimens  living  in  fresh  water 
from  Utah. 

Regarding  the  causes  of  the  intersex- 
uality  in  this  group  of  free-living 
nenias.  it  is  of  interest  that,  at  least  in 
Trilohus  gracilis  Bastian,  there  exist  a 
series  of  races,  genotypes  or  varieties 
already  mentioned  by  several  authors. 
I  refer  in  this  regard  to  the  paper  of 
Stefanski  (1917),  and  one  published  by 
the  writer  ( Steiner.  1919).  Undoubt- 
edly we  have  here  a  whole  series  of 
closely  related,  but  slightly  different 
forms.  pro])ably  not  all  known.  Here, 
too.  flic  observed  intersexes  may 
he  related  ivitli  hybridization  betzi'een 
these  different  genotypes.  The  above- 
mentioned  Trilohus  longus  is  regarded 
by  Micoletzky  (1921)  as  only  a  variety 
of  T.  gracilis,  but  further  studies  have 
vet  to  i)rove  the  correctness  of  this  con- 
ception. 

Intersexes  in  Marine  Free-Living 
Nemas 

J.  G.  de  Man  mentioned  in  lS!t;}  a 
thoroughly  functional  female  of  Thor- 
acostoma  figuratutn  Bast,  with  the  spic- 
ula. and  the  gubernaculum  of  a  male 
and  a  similar  specimen  of  a  female  of 
Chronuidora   poccilosoina   de   Man. 

In  1904  the  same  author  mentions 
another  very  interesting  case.  Of  nine 
siK'cimcns  of  Enoplus  michaelseni  v. 
Linst.  found  in  algae  growing  on  Gas- 
teropods  in  the  Bay  du  Torrent,  Isle 
of  Londonderry.  Canal  francais,  An- 
tarctic, he  observed  three  females  (they 
were  the  largest  in  size  ) .  with  very  pro- 
nounced intersexual  characters.  Two 
of  them  had  eggs  in  the  uteri;  all  three 
had  the  preanal.  ventro-medial  cutinized 
inland    outlet    of    the    male    and    also    a 
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series  of  fine  hairs  between  this  outlet 
and  the  anus  as  in  the  normal  male.  In 
regard  to  the  spicular  apparatus,  the 
three  specimens  represented  three 
transitional  grades ;  in  one  the  appa- 
ratus was  very  similar  to  that  in  the 
normal  male.  In  the  third  female, 
however,  it  was  totally  different.  ( See 
Figure    11.) 

Comparing  the  intersexes  of  the  dif- 
ferent species  described  above,  it  is 
very  remarkable  to  note  that  the  differ- 
ent organs  involved  in  the  transforma- 
tion toward  the  male  sex  are  not  pro- 
gressive. As  in  the  intersex  repre- 
sented in  Figure  T,  the  bursal  muscles 
and  the  i)api]lae  are  nK)re  develojied 
than  in  the  one  sketched  in  I'^igure  M, 
where  the  spicula  are  of  a  more  ad- 
vanced type. 

Furthermore,  comparing  other  cases 
mentioned  in  this  paper  regarding  this 
character  ( f.  c,  also  Figure  6),  there 
are  more  such  irregularities.  It 
seems    as    if    there    is    no    correlation 


tending  to  produce  gradual  stages  of 
development  of  the  different  sex  or- 
gans. Where  in  one  specimen  an  organ 
may  proceed  far  along  in  its  transfor- 
mation, in  another  it  may  remain  much 
less  developed  when  comi)ared  with 
other  organs  involved  in  the  latter 
transformation.  In  a  recent  ])aper  by 
Goldschmidt  (1922).  which  has  just 
come  to  my  attention,  he  presents  an 
exi)lanation  of  similar  cases  in  his 
broods  of  Lymantria  dispar.  This  ex- 
])lanation  may  also  be  applied  here.  He 
states  that  the  races  of  Lymantria 
dispar  show  a  great  diversity  in  the 
rate  of  their  development,  and  also  in 
regard  to  the  initiation  of  differentia- 
tion of  the  various  organs  which  are 
known  to  occur  at  different  intervals  of 
time.  Inasmuch  as  these  characters  are 
heritable,  the  hybrids  conse(}uently  also 
show  differences  in  this  res])ect.  The 
variations  in  the  rate  and  size  of  de- 
velopment of  the  intersexual  organs  are 
a  result  of  these  conditions. 
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FRESHMEN  MATRIMONIAL  IDEALS 


ROBKKT     1'.    I  L\.\CE 

U)iiz'crsit\'  of  Ponisyh-niiiii. 


Tlll{  characteristics  of  the  iktsoii 
I  shall  or  did  marry  have  heen 
more  or  less  tilling  the  columns 
of  various  mas^a/.ines  for  the  past  few 
years  and  the  mirror  has  heen  held  up 
to  wife  and  hushand  (particularly  the 
latter),  most  mercilessly.  Far  hetter 
would  it  be  if  the  holder  of  the  lookint^' 
glass  had  heen  a  hit  more  previous  in 
this  occupation  in  order  to  save  the  dis- 
tressing ix)stmortems  and  to  eliminate 
the  enervating  sex  triangle  plots  of  the 
modern  middle  grade  publications.  The 
possible  plea  of  these  writers  that  their 
stories  will  bring  greater  happiness  to 
the  readers  will  not  bear  the  scrutiny  of 
logic,  for  in  them,  as  in  the  quack 
medicine  claims,  each  one  may  always 
find  symptoms  that  fit  his  own  case 
with  apparent  exactness.  To  a  certain 
point  ignorance  is  no  doubt  bliss,  but 
it  may  also  b^  stupidity  and  in  this  case 
end  in  disaster. 

Believing,  contrary  to  current  opiu 
ion.  that  i)eople.  given  the  opportunity 
to  talk  are  occasionally  stimulated  to 
think,  the  writer  has  always  made  open- 
ings for  a  general  discussion  of  matri- 
monial ideals  and  desires  when  such 
sul)ject  matter  might  naturally  crop  up 
in  his  zoological  teaching.  Since  few 
men  are  given  to  thinking  very  heavilv 
or  exactly  on  the  qualities  necessarv 
to  complement  their  own  admirable  per- 
sonalities, open  discussion  of  home 
])rol)lems  is  sure  to  present  new  vistas 
beyond  the  ])resent  requisites  of  sun- 
rise comi)lexi()ns  and  a  half  bushel  of 
more  or  less  artificial  hair.  The  oppor- 
tunity to  talk  does  gradually  bring  out 
o])inions  and  the  interest  soon  becomes 
such  that  the  students  forget  to  talk  for 
effect  and  begin  to  put  into  words  what 
they  have  never  really  considered  con- 
cretely. 

In  a  recent  examination  the  following: 


(juestion  was  given  to  get  some  written 
statement  on  this  subject  from  a  large 
number   of    college    freshmen: 

The  aims  of  genetics  and  eugenics  have 
been  elaborated  in  discussions  and  in  your 
readings  in  the  books  of  (iuyer  and  Conklin 
and  by  this  time  you  shoukl  have  some  ap- 
preciation of  what  can  be  done  in  the  way 
of  perfecting  all  forms  of  life  through 
proper  selection  and  breeding.  Obviously  it 
is  impractical,  not  to  say  impossible,  to  apply 
the  same  rigorous  methods  of  selection  and 
mating  to  man  as  is  done  with  the  lower 
organisms.  Laws  along  these  lines  must 
consequently  be  ineffective  and  the  greatest 
hope  of  improving  the  human  race  is  through 
a  comprehensive  educational  program. 

The  importance  of  the  proper  selection  of 
mates  is  great,  both  as  regards  the  possibil- 
ities of  the  future  generations  and  as  regards 
the  happiness  of  the  individuals  concerned. 
It  is  important  that  men  and  women  have 
a  clear  conception  of  the  type  of  person  with 
whom  they  will  be  most  likely  to  live  in 
harmony. 

Write  an  exposition  on  "What  characteris- 
tics I  believe  to  be  necessary  in  the  person  I 
shall  some  day  marry."  Discuss  this  ques- 
tion from  the  point  of  view  of  individual  as 
well  as  racial  happiness  and  success  as  fully 
as  your  information  permits. 

There  is  little  reason  to  doubt  the 
sincerity  of  the  writers,  for  it  was 
very  easy  to  recognize  an  answer  writ- 
ten to  impress  the  reviewer.  The  an- 
swers have  been  strung  together  into  a 
continuous  tale  and  follow. 

The   Ideal   Husband 

The  famous  aclmonitit)n.  "Women  and 
children  first."  requires  that  we  con- 
sider the  attitudes  of  the  Co-eds  on 
matrimonial  ideals  before  we  do  those 
of  the  men.  General  e.xperience  indi- 
cates that  on  the  whole  the  women  fre- 
quently have  a  bit  more  concrete,  defi- 
nite and  worthwhile  ideas  on  the  sub- 
ject of  the  qualifications  of  their  mates, 
suggesting  that  they  i)robal)ly  have 
given  the  matter  more  attention.  Their 
statements  tend  to  be,  T  think,  a  bit  less 
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stereotyped  than  those  of  the  men,  who 
are  apt  to  have  acquired  their  eugenics 
pretty  largely  for  a  definite  occasion. 

As  can  well  be  foretold,  the  require- 
ments cover  relatively  few  general 
topics  though  the  variations  under  each 
of  these  are  as  many  as  there  are  writ- 
ers. Pre-marriage  frankness,  and  phy- 
sical and  mental  characteristics  in  rela- 
tion to  personal  tastes  and  to  the  pro- 
duction of  fit  children  form  the  central 
theme  of  most  of  the  records.  The  lat- 
ter is  the  more  remarkable  in  that  in 
these  days  of  fractional  oti'spring  ])er 
intellectual  cajiita  most  of  the  writers 
seem  to  be  figuring  in  terms  of  the 
whole  number,  and  even  in  some  in- 
stances in  the  plural. 

There  seems  to  be  some  real  appre- 
ciation of  the  value  of  jihysical  appear- 
ance as  an  index  to  health  and  it  is 
seldom  that  the  valuation  is  wrongly 
stressed  on  the  "beauty"  side  alone. 
Throughout  the  pai)ers  run  expressions 
in  regard  to  ])hysical  well  being  and 
similar  basic  desires,  differing  f)nly  in 
terminology.  To  suit  our  Co-eds  a  man 
must  be  of  "good  appearance,"  "]ihysi- 
callv  sound."  must  ]X)ssess  "strength 
and  proportion,"  "cleanliness."  and  alas 
for  someone's  ideals,  "he  must  be  phy 
sically  perfect."  Considerable  stress  is 
laid  upon  cleanliness  which  may  give 
some  pause  for  thought.  One  logically 
l)oints  out  that  "sickness  interferes  with 
a  ]ileasing  personality." 

Possibly  with  the  physical  traits 
might  be  indicated  the  reali/^atinn  of 
some  of  the  difticulties  of  interracial  al- 
liances. These  expressions  naturally 
come  mostly  from  the  Jewish  girls.  An 
element  of  patriotism  seems  to  inthu-ncc 
.some  in  arguing  against  foreign 
matches.  '  tne  girl  maintains  that  her 
children  could  not  be  pure-blooded 
.Americans  if  the  father  was  a  for- 
eigner. It  nn'ght  be  f)f  some  interest 
to  have  her  definition  of  such  homozy- 
gous .American  stock  and  also  that  of 
the  ])erson  whose  ideal  is  a  "real 
.American  of  l'jigli>h.  i-rench.  or  Span- 
ish descent." 

Tlic  demands  in  the  intellectual   field 


are  just  as  rigorous  as  in  the  physical. 
The  male  mate  must  possess  refinement, 
have  personality,  be  broad-minded,  be 
intellectually  superior,  must  "be  of  the 
sort  that  1  would  be  willing  to  have  my 
friends  meet,"  and  lastly  and  probably 
most  important,  "he  must  possess  real 
understanding  which  leads  to  true  com- 
]»anionshii\"  One  girl  has  clearly  seen 
that  there  must  be  mutual  concessions 
in  order  that  luiflcrstanding  and  real 
conipanionshi]),  with  the  resulting  great 
afiection.  will   reign  supreme. 

Hybrid  Creeds 

Some  anticipation  of  the  difiiculties 
caused  by  crossing  creeds  leads  a  few 
to  foreswear  matches  involving  such 
jKissibilities.  While  religion  has  been 
mentioned  by  a  very  few  still,  it  is  a 
very  active  part  of  one  girl's  ideal,  who 
must  (lualify,  according  to  her  terse 
statement,  as  "healthy,  clean,  white  and 
a  desciple  and  lover  of  Jesus  Christ, 
our  L(»rd." 

The  increasing  e.xpectation  of  pre- 
marital discussions  and  frankness  can- 
not fail  to  pj*oduce  desirable  results. 
We  cannot  help  but  feel  that  the  writer 
of  the  following  lines  is  on  the  right 
track  and  hojK'  that  she  will  meet  her 
match  "who  must  be  able  to  talk  frank- 
ly of  marriage  and  its  relations  in  order 
to  have  the  right  understanding.  If  he 
cannot,  he  has  false  modesty  which  is 
ignorance."  Inciflentally  there  is  to  be 
no  condoning  of  wild  oat  farming,  nor 
yet  of  intemperance  of  any  sort. 

It  is  a  ])leasure  to  note  that  a  few 
girls — but  none  of  the  boys — know  that 
the  most  essential  mental  characteristic 
needed  to  bridge  over  many  of  life's 
rough  i)laces  is  a  sense  of  humor.  If 
one  can  laugh  there  is  at  least  small  oji- 
portunity  for  crying  unless,  of  course. 
one  pos.ses.ses  a  Celtic  gene,  when  it  is 
l>ossilHc  tft  do  both  at  once  and  enjoy  it 
greatly. 

"The  desire  of  all  women  is  to  have 
healthy  children"  though  jHtssibly  o|)en 
to  debate  on  at  least  «Mie  score,  still 
expresses  an  issue  that  is  not  dodged 
l)v  anv.     I'niess  tliev   fall   down   when 
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it  comes  their  turn  to  face  the  reality, 
we  may  expect  more  from  them  than 
the  traditional  portion  of  an  offspring; 
statistically  allottcfl  to  each  college 
graduate. 

Among  minor  desires  falls  the  hope 
that  the  next  generation  will  he  "curly 
headed"  so  that  they  will  not  he  af- 
flicted with  the  female  curse  of 
straight  hair.  'Die  man  of  one  pair 
must  he  "strong  enough  to  hold  up 
his  end  of  the  argument,  otherwise  he'll 
be  apt  to  get  the  worst  of  it." 

In  reviewing  the  statement  of  the 
women.  I  think,  that  they  all  show  de- 
sires that  are  apt  to  make  for  stable 
happiness.  The  women  seem  willing 
and  anxious  wholly  to  do  their  part 
in  making  mutual  concessions  and  to 
take  uj)  the  increased  burdens.  Selfish- 
ness— a  characteristic  believed  to  be 
dominant  in  a  class  of  women  today — - 
appears  in  only  one  instance  and  for 
the  possible  man's  sake  we  hope  with 
the  writer  that  she'll  "never  be  foolish 
enough  to  marry  anyl)ody"  for  if  she 
did  she  has  in  mind  more  restrictions 
than  a  League  of  Nations. 

The  Ideal  Wife 

In  turning  our  attention  to  the  hopes 
of  the  males,  we  find  very  much  the 
same  ideals  running  through  their  dis- 
cussions. Most  of  them  really  seem  to 
believe  that  beauty  is  as  beauty  does 
and  so  long  as  a  girl  is  free  from  ab- 
normalities more  cannot  be  expected. 
A  reviewer  may  have  just  a  bit  of  skep- 
ticism on  this  point  and  feel  that  on 
man  rnore  correctly  expresses  the  usual 
instinct  when  he  claims  that  while  the 
male  ideal  need  not  be  good  looking, 
still  that  is  a  very  nice  characteristic 
to  have.  At  least  some  sages  are  to  be 
graduated,  for  out  of  the  mouths  of 
babes  comes  the  information  that  "looks 
make  little  or  no  difference  although 
the  saying  goes  'if  you  want  to  know 
vour  wife  at  fiftv.  look  at  her  mother 
now.'  " 

We  again  hope  that  writers  arc  sin- 
cere in  desiring  women  of  mental  at- 
tainments equal  to  their  own.  Many 
want  mates  to  balance  their  peculiarities 


— mates  who  can  take  things  as  they 
come — a  few  require  i)arlor  tricks  or  a 
mate  who  will  in  general  "speak  my 
language,"  and  lastly,  to  counterbalance 
the  sense  of  humor  desired  by  the  wo- 
men, we  have  from  the  men  the  ex- 
pressed hope  for  a  girl  with  common 
sense.  Whether  we  may  classify  as  a 
mental  attribute  the  necessity  of  the 
girl's  thinking.  "I  am  the  best  man  this 
side  of  heaven."  is  doubtful. 

Ability  to  manage  a  home  and  to 
cook  is  the  materialistic  expectation  of 
many  and  to  this  one  man  adds  that 
his  woman  must  have  ambition  to  get 
up  in  the  morning  and  dress.  Com- 
panionship is  realized  to  depend  upon 
common  interests  and  congeniality  and 
finds  able  expression  in  the  phrase, 
"harmony  is  a  good  thing  in  any  enter- 
prise." 

The  mixing  of  races  is  believed  to  be 
dangerous  to  hai)piness  by  the  Jews. 
Religion  is  very  frequently  mentioned 
as  a  good  thing  to  look  out  for  in  mat- 
rimonial planning.  There  seems  to  be 
some  agreement  on  the  proposition  that 
"religion  keeps  men  together,  but  ruins 
all  aims  of  genetics  and  eugenics."  but 
the  chap  who  wants  a  "Christian — not  a 
Roman  Catholic" — might  strike  fire  in 
some  circles. 

We  can  see  a  very  fair  tendency  in 
the  men  to  pass  up  their  time-honored 
right  to  distribute  wild  oats  in  such 
statements  that  "she  must  be  healthy 
and  fairly  young  and  like  Caesar's  wife 
'above  suspicion.'  It  is  unjust  for  a 
man  to  expect  more  than  he  gives." 
Or  again  "the  musculine  sex  seems  to 
be  much  interested  in  finding  a  mate 
with  all  the  characteristics  that  will 
hel])  to  elevate  their  children,  but  how 
is  it  i^ossible  when  the  father  is  gener- 
ally the  one  who  is  pulling  down  the 
moral  standard  of  mankind  daily." 

Children  are  exj^ected  and  wanted 
.'ind  the  value  of  healthy  ]iarents  is  aj)- 
jireciated.  One  man  goes  the  Eugenists 
one  better  by  insisting  on  knowing  the 
girl's  "family  skeleton."  One  optimis- 
tic pessimist  concludes  that  the  stand- 
ards set  auger  bachelorhood  for  him. 


162 


The  Toiinial  of  Heredity 


Throui^h  what  has  just  been  read 
runs,  what  I  really  believe  to  be.  an 
honest  expression  of  opinions  which 
seem  to  be  basically  good  and  may  indi- 
cate that  the  reason  for  the  usual  suc- 
cess of  college  matches  lies  in  the 
clearheadedness  of  the  participants.  It 
is  a  matter  of  opinion  whicb  sex  a> 
here  recorded  is  better  versed  in  tbe 
requirements  of  dual  happiness,  or 
whether  the  honors  are  not  evenly  di- 
vided. 1'hat  many  of  the  ideals  will  be 
altered  in  the  years  prece?ding  their 
realization  is  fully  to  be  ex])ected,  but 
if  only  a  portion  of  these  hopes  ma- 
terialize we  have  a  fair  basis  for  a 
satisfactory  home  life.  Consideration, 
unselfishness,   a   sense   of   humor,    with 


its  running  mate  common  sense,  can 
lead  to  little  else  than  affection.  These 
requisities  the  college  freshmen  seem 
to  glimpse  more  or  less  clearly  and  it 
is  encouraging. 

At  any  rate  we  can  gather  a  com- 
posite ])icture  of  the  ideal  college  mate 
from  the  foregoing,  but  we  must  admit 
that  all  the  tragedy  was  not  penned  by 
Shakespeare  for  the  lament  arises  in 
the  words  of  the  victim  "this  dear 
friend,  is  my  ideal  and  I  think  that 
1  have  found  her.  Rut — last  July  she 
announced  her  engagement  to  another, 
so  my  house  of  cards  has  fallen."  1-lut 
on  with  the  dance — another  concludes 
with  the  exclamation — "now  let  me  look 
for  that  woman" ! 


Hygienic  Marriage  Laws 


Das  Af.rtzlutik  1  Ieik.xtszf.ic.m.s. 
Seine  W'issenschaftlichen  und  Prak- 
tischen  zur  Frauenkunde  und  lui- 
genetik  No.  2.  Pp.  72.  Leipzig. 
Verlag  von  Curt   Kabitsch.   1!)21. 

'J'he  desirai)ility  of  having  apjjli- 
cants  for  a  marriage  license  present  a 
certificate  of  medical  examination  has 
often  been  urged,  and  has  been  given 
expression  in  bills  offered  at  one  time 
or  another  in  almost  every  state  leg- 
islature of  the  Union.  Some  states 
have  actually  ado])ted  such  a  law.  but 
the  administration  of  these  statutes 
has  not  given  satisfaction  to  cither 
friends  or  enemies  of  the  measure. 
The  ])rinciples  underlying  such  legis- 
lation are  discussed  from  almost  every 
point  of  view,  by  eight  s])ecialists 
whose  addresses  are  assenil)led  in  the 
present  book. 

.\  law  providing  for  medical  exami- 
nation before  marriage  is  frequently 
described  as  eugenic ;  it  is.  however, 
largely  hygienic,  although  two  classes 


of  conditions  are  naturally  dealt  with, 
the  inheritable  and  the  infectious.  In 
the  United  States  the  exjiense  is 
charged  to  the  applicant,  but  the  Ger- 
man students  hold  that  the  state 
-should  j)rovide  the  examination  with- 
out cost. 

Nearly  all  of  the  Cierman  writers 
here  represented  are  opposed  more  or 
less  strongly  to  the  compulsory  medi- 
cal examination  before  marriage.  The 
grounds  are  exceedingly  various,  but 
the  lack  of  competent  examiners 
(especially  of  women  physicians)  is 
one  of  the  most  serious.  Dr.  Hirsch, 
in  the  concluding  paper  of  the  series, 
makes  a  strong  plea  for  the  compul- 
sorv  examinaticjn  but  holds  that  it 
should  not  be  associated  with  any 
prohibition  of  marriage.  The  candi- 
dates for  matrimony  should  be  re- 
<|uired  to  know  their  own  condition; 
then  it  nuist  be  left  to  them  (save  in 
excejjtional  cases  of  insanity,  already 
covered  by  law)  to  decide  whether  or 
not  thev  are  tit   to  marrv. — P.  P. 


AN  ORNAMENTAL  PARASITE 

RAISED   BY   THE  JAPANESE   TO  DECORATE  BAMBOO  CULMS 

'1"\(>ZA1{LK()      TaNAKA 

United  States  Department  of  Agriculture. 


BASKET    DECORATED    WITH    ARTIFICIAL    FUNGUS    INOCULATIONS 

FiGiKE  12.  Rather  an  unusual  industry  is  carried  on  by  the  Japanese  to  maintain  the 
supply  of  fungus-infected  bamboo  culms  that  are  used  in  making  basketry  and  other  orna- 
mental objects.  Diflferent  species  of  fungi  produce  different  shapes  and  colors  of  spots  on 
bamboo.  The  varieties  that  are  most  in  demand  have  recognized  "trade  names,"  and  the 
fungi  producing  them  are  propagated  artificially.     Photograph  by   E.   L.   Crandall. 


PVRASITES  of  economic  or  artis- 
tic importance  tend  to  rai.se  their 
class    from    the    ill    rejutte    they 
commonly    enjoy.       In    the    West    the 
mistletoe  is  cherished   for  its  prettiness 


and  Vuletide  associations  ;  the  Eastern 
l)eo])les  cultivate  parasitic  fungi  he- 
cause  they  ornament  the  hamhoo  culms 
on  which  they  grow.  The  heauty  thus 
ohtained    has    economic    value,    for    the 
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bamboos  are  used  in  making  baskets, 
flower  pots,  chop-sticks,  utensils  and 
other  objects. 

Different  fungi  produce  different 
shades  and  types  of  ornamentation. 
The  best  known  among  the  culm-in- 
fecting fungi  is  Miyoshia  fusispora 
Kawam  which  attacks  the  bamboo 
Anindinaria  Nariliira.  The  large  ob- 
long patches  of  various  shades,  formed 
by  this  fungus,  produce  an  ornamental 
effect  for  which  such  bamboos  are  high- 
ly valued.  The  natural  habit  of  the 
fungus  is  com])lemented  by  inoculations 
artificially  made  to  give  the  patches 
their  right  position  and  shape.  The 
infected  culms  are  cut  down  at  the 
proper  time  and  patiently  polished  to 
enhance  their  ap])earance.  A  good 
Miyoshia  spotted  bamboo  often  will 
cost  several  hundred  yen  (about  two 
hundred  dollars)  when  it  is  worked  out 
as  an  attractive  flower  base  or  Chadogu 
(various  utensils  used  in  the  tea  cere- 
mony). 

Fungi  decorating  their  hosts  in  man- 
ner dift'erent  from  that  of  Miyoshia 
are  also  widely  cultivated.  Small  dark- 
colored  spots  caused  by  Mclanconium 
Shiraiannm         Svd..         Did\mohtr\um 


Kiisanoi  P.  Henn..  or  Hut y pa  Kusanoi 
P.  Henn,  produce  other  ornamental 
effects  on  bamboo  culms.  The  first 
species  has  been  known  since  ancient 
times  as  Take  no  sahi  or  the  rust  of 
bamboo  culm. 

According  to  Sydow  (Hedwigia. 
1899,  P-  144)'  Mclanconium  Shiraianuui 
forms  dense  shiny  black  spots  one-half 
a  millimeter  in  length,  taking  an  elliptic 
form  on  the  culms  of  certain  kinds  of 
l)amboo  collected  by  Professor  Shiria 
at  Komaba,  who  identified  this  as  the 
well-known  Take  no  sahi. 

The  Ijasket  here  illustrated  was  se- 
cured by  Dr.  W.  T.  Swingle  in  Japan  \u 
1898.  An  examination  by  ^liss  Vera 
K.  Charles,  assistant  mycologist  of  the 
Bureau  of  Plant  Industry,  United 
States  Department  of  Agriculture, 
showed  the  fungus  on  this  basket  to 
be  incompletely  develo|)ed.  Its  ajipear- 
ance  suggests  Munkiella.  which  is  the 
perfect  stage  of  Mchmconium  shirai- 
a}iuni.  The  identification  could  not  be 
made  ])ositive,  however,  owing  to  the 
immaturity  of  the  fungus,  development 
having  probably  been  arrested  by  the 
treatment  received  in  the  preparation 
of  the  material  for  weaving. 


A  Textbook  of  Embryology 


Lehrbuc  II 

SCHICHTI-: 

PEL   of  Brcslau. 

umcs.  Pp.    210; 
$l.iM).        Leipzig. 
1922. 

In  a  compact  but  clear  style.  Dr. 
Tricpel  covers  the  ground  belonging 
to  an  elementary  course  in  fml)ryolf)gy. 


I  )KK  E  S  TVV I C  KH '  NC.SGK- 

l)v  Dr.  Hermann  Trie- 
Two  revised  vol- 
173  illustrations. 
George      Thieme, 


While  most  of  his  daia  are  drawn 
from  the  comparative  study  of  various 
classes  of  animals,  he  deals  ade(|uately 
with  man.  and  his  material  on  the 
])henomena  i)rcce(ling  zxgosis  is  ample, 
'ihe  illustrations,  all  of  them  from 
drawings  and  mostly  the  work  of 
llelene  Pimpricht,  are  particularly 
noteworthv. — /^  /'. 


AGE  AND  AREA 


A  REVIEW  OF  J.  C.  WILLIS'  THEORY  OF  THE  ORIGIN  OF  SPECIES 

Hugo  de  Vries 

Luiitcrcii.   lloUtnid 


IX  a  series  ol  articles,  publisiied 
durins^  the  last  twenty  years,  J.  C. 
Willis  has  tried  to  show  that  the 
)  dispersal  of  plants  is  governed  by  gen- 
'  eral  laws  and  independent  of  so-called 
adaptations,  or  of  any  kind  of  advan- 
tageous response  to  local  conditions. 
Ihe  main  factor  of  distribution  is  age, 
a  cause  which  works  in  the  same  man- 
ner on  all  plants.  The  rate  of  expan- 
sion of  area  is  a  fair  measure  of  age. 
The  most  widely  distrilmted  genera 
and  species  in  every  family  are  to  be 
considered  as  the  oldest  within  that 
group,  and,  taken  broadly,  the  remain- 
ing ones  must  be  progressively  young- 
er, the  smaller  the  area  they  occupy. 
Number  of  species  usually  goes  parallel 
to  geogTa])iiical  area,  and  therefore  the 
genera  which  are  richest  in  species  will 
also,  as  a  rule,  be  the  oldest  of  their 
group.  Senecio.  with  1500  species,  has 
been  tlte  source  whence  the  family  of 
the  Compositae  has  been  developed. 
Astragalus  with  1600  species  is  at  the 
bottom  of  the  papilionaceous  plants  and 
other  large  genera  could  easily  be 
added. 

Of  course,  age  in  itself  is  not  the 
cause  of  distribution;  it  only  allows 
the  time  for  this  jjrocess.  Moreover, 
when  one  considers  single  species,  as 
has  been  done  most  generally  in  plant- 
geography  up  to  this  time,  the  influence 
of  adaptations,  of  dispersal  methods 
and  so  forth  may  easily  lead  to  the  con- 
cejjtion  of  s|)ecial  laws  for  ditTerent 
forms.  Therefore  it  is  necessary  to 
study  averages,  instead  of  single  cases. 
In  doing  so  it  is  found  that  the  result- 
ant effect  of  the  active  factors,  bio- 
logical as  well  as  ecological,  is  very 
uniform  and  almost  wholly  the  same 
for  dift'erent   families  or   for  the  mem- 


bers of  different  ri(jras.  Considering 
long  i:)eriods  of  time  and  taking  the 
species  in  small  groups  of  allied  forms 
(e.  g.  of  10-12  each),  in  order  to  cal- 
culate averages,  one  finds  that  all  plants 
spread  at  a  fairly  average  rate. 

The  author  has  now  collected  his 
results  in  a  book,  entitled  Age  and 
Area,  A  Study  in  Geographical  Dis- 
tribution and  Origin  of  Species  (Cam- 
bridge, 1922,  p.p.  259).  The  discus- 
sion of  his  law  is  founded  here  upon 
a  broad  basis,  combining  the  results 
of  the  investigation  of  numerous  local 
floras  and  comparing  them  on  all  sides 
with  previous  views.  Many  objections 
and  many  criticisms  had  already  been 
published  by  dift'erent  authors  and 
the}-  are  now  dealt  with  in  such  a  way 
as  to  insure  the  validity  and  the  general 
applicability  of  the  main  law.  Confirm- 
ations have  also  been  numerous  and 
among  these  I  might  cite  the  work  of 
J.  Small  upon  the  evolution  of  the 
Compositae.  In  a  chapter  on  this 
group,  inserted  in  Willis'  book  ( pp. 
1 18-136),  Small  shows  that  the  pedi- 
gree of  this  family,  as  derived  from 
the  morphological  characters  of  the 
stigma  and  the  stamens  and  from  the 
study  of  the  fossil  fruits  found  in  the 
deposits  of  the  tertiary  period,  wholly 
agrees  with  the  ]:)redictions  which  can 
be  made  from  Willis'  law.  Expansion 
of  area,  and  number  of  species,  if  cal- 
culated in  averages  for  the  dift'erent 
tribes  and  subtribes.  are  almost  exactly 
]>arallel  to  the  ages  derived  for  them 
from  systematical  and  palaeontological 
data. 

The  Flora  of  Ceylon 

Willis  started  his  statistical  researches 
with  a  study  of  the  flora  of  Cevlon, 
and   afterwards   applied    his    results   to 
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that  of  other  oceanic  islands  and  of 
other  more  or  less  isolated  regions, 
finally  covering  the  flora  of  the  whole 
world.  For  this  reason  it  seems  de- 
sirable to  consider  the  island  of  Ceylon 
here  also,  in  the  first  place.  Such  a 
process  will  at  once  put  the  meaning  of 
the  general  law  in  a  clear  light. 

The  flora  of  Ceylon  embraces  2809 
species  of  Angiosperms,  of  which  809 
are  endemic  to  the  island.  Of  these 
latter  about  200  are  confined  to  very 
small  areas  and  about  half  of  these 
occur  upon  the  tops  of  single  moun- 
tains or  on  small  groups  of  mountains. 
There  are  1027  genera,  of  which 
twenty-three  are  confined  to  Ceylon, 
and  among  the  146  families  this  is  the 
case  with  six.  Most  of  the  endemic 
genera  are  represented  by  one  species 
only,  four  by  two  or  three  and  only 
two  (Doona  and  Stemonoporus)  l)y  a 
larger  number.  The  endemic  types 
are  well  marked  Linnean  species  and  as 
such  sharply  distinguished  from  their 
nearest  allies,  but  a  comparison  of  their 
characters  does  not  reveal  any  qualities 
which  could  be  regarded  as  useful  un- 
der the  conditions  of  their  localities. 
On  the  contrary,  it  is  evident  that  they 
do  not  surpass  their  more  widely  dis- 
tributed allies  in  this  respect.  .More- 
over, many  of  the  endemics  occur  as 
a  very  few  individuals,  say  only  a  doz- 
en or  more,  and  the  places  where  they 
can  thrive  are  often  so  small  that  it  is 
obvious  that  they  can  never  have  been 
much  more  numerous. 

These  facts  lead  to  the  conclusion 
that  the  endemics  are  not,  as  a  rule, 
the  remnants  of  forms  which  ])reviously 
had  a  wider  distribution,  but  which  are 
now  gradually  dying  out.  In  the  tem- 
])erate  regions  of  the  northern  hemi- 
sphere there  are  a  great  many  endemics 
of  this  kind,  and  they  are  usually 
designated  by  the  name  of  relics.  They 
are  the  survivors  of  s])ecics  which  were 
widely  sjiread  during  the  tertiary  pe- 
riod, as  has  been  i)roved  in  many  in- 
stances by  the  study  of  their  fossil 
remains.  But  there  is  no  good  reason 
to    apply    these    results    to    the    Ceylon 


endemics,  nor  to  those  of  tropical  and 
subtropical  regions  in  general.  More- 
over, the  northern  relics  are  rare  as 
comjiared  with  these.  Nortii  America 
has  onl_\-  about  400  such  forms,  where- 
as the  small  island  of  Ceylon  has  800 
endemics,  as  has  already  been  stated. 
Brazil  has  12,000  such  species,  New 
Zealand  and  many  other  oceanic  islands 
are  even  richer  in  them,  when  areas 
of  the  same  size  are  compared.  The 
real  relics  may  be  estimated  at  one  or 
two  per  cent  of  all  the  endemics  and 
therefore  they  cannot  be  considered  as 
indicating  th:  general  condition  of  the 
forms  of  this  group. 

Willis  proposes  the  concei)tion  that 
most  of  the  endemics  of  Ceylon  and  of 
other  siniilar  regions  are,  quite  on  the 
contrary,  the  youngest  members  of 
their  flora.  They  must  have  originated 
on  the  same  spots  where  they  are 
found  now.  And,  since  most  of  them 
have  the  same  means  of  dispersal  as 
their  more  common  allies,  it  seems  evi- 
dent that  if  time  were  allowed,  they 
would  spread  like  these.  The  smallness 
of  their  area  can  therefore  only  be 
ex])lained  in  a  satisfactory  way  by  as- 
suming that  they  have  nt)t  had  the 
time  to  gain  a  larger  territory.  As 
soon  as  this  main  point  is  conceded, 
it  is  obvious  that  the  size  of  the  terri- 
tory occupied  by  an  endemic  species 
is  to  be  considered  as  the  result  of  the 
lapse  of  time  during  which  it  has  been 
able  to  spread.  Or  in  general  terms 
that  the  area  covered  is  a  measure  of 
the  relative  age  of  the  species  under 
consideration.  Age  goes  parallel  to 
area,  and  this,  condensed  into  its  small- 
est form,  is  the  meaning  of  the  i>hrase, 
A(/c  and  .Irca. 

Of  course,  this  rule  cannot  be  re- 
stricted, either  to  the  ])lants  of  Ceylon 
or,  on  the  other  hand,  to  endemics  only. 
If  true,  it  must  embrace  all  sjjccies  of 
organisms  and  all  geograi)hical  regions. 
It  must  be  the  main  law  which  gov- 
erns the  geological  and  geographical 
evolution  of  the  whole  living  world. 
Distribution  must  go  on  everywhere 
on  the  same  general   lines,  it   must  be 
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independent  of  special  organizations  or 
so-called  adaptations. 

In  following  this  discussion,  many 
readers  will  object  that  there  are  too 
many  single  instances  which  do  not 
seem  to  be  in  accordance  with  this  new 
law.  In  order  to  reply  to  this  objection. 
Willis  has  introduced  his  i)rinciple  of 
averages,  or  what  we  might  call  his 
statistical  method.  A  general  law  can 
only  be  extracted  from  the  study  of 
individual  cases,  if  these  are  combined 
in  sufficient  numbers  to  smooth  the 
effects  of  their  special  features.  Age 
and  area  should  not  be  used  as  a  com- 
parison of  single  cases.  l)ut  f<ir  small 
groups  of  allied  forms,  such  as  the 
species  of  a  genus,  the  genera  of  a 
tribe  or  the  tribes  of  a  family.  Expe- 
rience has  proved  that  averages  for 
groups  of  about  ten  such  types  suffice 
to  eliminate  the  effects  of  most  of 
the  deviations.  Whenever  possible, 
groups  of  fifteen  to  twenty  species 
should  be  preferred.  In  doing  so  the 
method  may  be  extended  to  biological 
or  ecological  groups  of  plants  as  well  as 
to  systematical  ones. 

W^hen  one  considers  such  groups  and 
compares  them  with  other  related  sec- 
tions, the  effects  of  age  will  show  clear- 
ly, because  the  other  factors  in  disper- 
sal will  either  be  pulling  the  same  way 
upon  all,  or  will  cancel  one  another  by 
pulling  in  different  directions.  Age. 
however,  is  always  pulling  alike  upon 
all  species.  The  greater  the  number  of 
allied  forms  taken,  and  the  greater  the 
length  of  time  considered,  the  more 
clearly  will  the  effects  of  age  show. 

In  applying  this  statistical  method 
to  the  flora  of  Ceylon,  one  has  to  com- 
pare two  main  lines  of  geographical 
facts.  One  of  them  relates  to  the 
probable  age  of  the  species,  the  other 
to  their  present  distribution  on  the 
island.  Three  main  divisions  are  pro- 
posed, one  containing  the  endemic  spe- 
cies, the  second  those  confined  to  Cey- 
lon and  Peninsular  India,  and  the  third 
the  forms  of  wider  distribution.  The 
distribution  on   the   island   itself   is   de- 


rived from  the  data  given  in  I'lora  of 
Ceylon,  by  Trimen  and  Hooker.  These 
authors  divide  all  species  into  six 
clas.ses.  viz.:  i,  very  common;  2,  com- 
mon ;  3,  rather  common  ;  4,  rather  rare  ; 
5.  rare ;  and  6,  very  rare.  The  number 
of  s];ecies  belonging  tf)  each  of  these 
classes  is  then  multiplied  with  the  fac- 
tor indicating  their  degree  of  rarity, 
and  this  is  done  for  each  of  the  three 
groups  of  different  dispersal.  From 
these  figures  averages  may  be  calcu- 
lated, which  give  the  degree  of  rarity 
for  any  group  under  consideration.  In 
this  way  Willis  finds. 

iVo.  of     Rar- 
Species    ity. 

Mean    rarity   of    all    species...  2,809  3.5 

Species   of   wide   distribution..  1,508  3.0 

Of  Cev'lon  and  Peninsular  India  492  3.5 

Species  endemic  to  Ceylon...  809  4.3 
Species   of  all   the  23  endemic 

genera 52  4.5 

Species  of  Doona  (endemic).  11  4.6 
Species        of        Stemonoporus 

(endemic)     15  5.4 

From  this  table  we  see  that  the  spe- 
cies of  widest  distribution  are  the 
commonest,  that  those  of  Ceylon  and 
Peninsular  India  have  just  the  mean 
degree  of  rarity,  whereas  the  endemics 
are  relatively  rare.  The  species  of  the 
endemic  genera,  and  especially  of  the 
only  two  genera  which  are  rich  in 
endemic  species,  are  the  rarest  of  all 
on  the  island.  Further  tables,  which 
cannot  be  re])roduced  here,  show  that 
the  diff'erent  families  of  this  flora  l>e- 
ha\e  in  the  same  manner,  showing  that 
no  one  family  has  any  particular  ad- 
\antage  over  another.  The  same  rule 
])re vails  for  the  genera  and  even  for 
ecological  groups  of  species.  Everv- 
where  the  order  of  rarity  within  the 
island  is  parallel  to  the  degree  of  the 
distribution  outside  of  it. 

Confirmation  of  this  law  was  then 
obtained  by  working  out  the  flora  of 
New  Zealand,  of  the  Hawaiian  archi- 
pelago and  of  other  oceanic  islands 
after  the  same  method.  The  orchids 
of  Jamaica,  Callitris.  a  coniferous  spe- 
cies   of    Australia,    the    ferns    of    New 
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Zealand  and  many  other  groups  gave 
the  same  result,  showing  that  the  law 
is  quite  general.  Other  authors  have 
contributed  analogous  data  for  the 
grasses  of  Australia,  for  the  endemics 
of  the  Bahama  Islands  and  other  cases. 
Everywhere  the  statistical  method,  just 
described,  conduces  to  the  same  con- 
clusions. 

In  stating  the  rule  in  a  general  way, 
some  restrictions  will,  of  course,  be 
found  to  be  necessary.  For  this  rea- 
son I  wi.sh  to  quote  the  most  recent 
exi)ression  of  these  as  given  by  the 
author :  "The  area  occupied  at  any 
given  time,  in  any  given  country.  l)y 
any  group  of  allied  species  at  least 
ten  in  number  depends  chiefly,  so  long 
as  conditions  remain  reasonably  con- 
stant, upon  the  ages  of  the  species  of 
that  group  in  that  country,  but  may  be 
enormously  modified  by  the  presence 
of  barriers  such  as  seas,  rivers,  moun- 
tains, changes  of  climate  from  one 
region  to  the  next,  or  other  ecological 
l)oundaries.  and  the  like,  also  by  the 
action  of  man,  and  by  other  causes." 

The  main  ])(tint  in  this  contention  is, 
that  the  s])ecies  have  to  be  considered 
in  small  groups  of  allied  forms.  If 
single  s])ecies  are  studied,  the  distribu- 
tion will  of  course  depend  upon  many 
factors  which,  however,  cancel  one  an- 
other as  soon  as  the  statistical  method 
is  applied  to  them,  .\mong  these  fac- 
tors the  most  prominent  are  given  by 
the  means  of  disper.sal,  acclimatisation, 
suitability  to  the  society  of  plants  in 
which  a  s])ecies  may  find  itself,  barriers 
of  all  kinds,  whether  ])hysical.  climatic 
or  ecological,  individual  habit  of  the 
species  itself,  and  so  on.  I>ut  these 
factors  will  be  different  for  the  in- 
dividual species,  whereas  age  works  on 
all  of  them  in  the  same  sense. 

Or  in  other  words,  while  the  jiosscs- 
sion  of  a  good  niechanistu  for  disi^ersal 
mav  be  f)f  great  advantage  to  a  jilant. 
esi)ccially  in  reaching  areas  that  are 
only  a  small  distance  away,  it  is  ])y  no 
means  essential  for  world-wide  distri- 
bution. 


Origin  of  Species  and   Natural 
Selection 

On  the  basis  of  these  statistical  re- 
sults the  theory  of  the  origin  of  species 
by  means  of  natural  selection  of  in- 
finitesimal variations  is  subjected  to  a 
severe  criticism.  As  a  rule,  the  rate  of 
dispersion  of  new  species  is  inde])en- 
dent  of  their  special  organizations,  since 
it  is  the  same  for  all  of  them.  In  the 
largest  number  of  endemic  species 
there  are  simply  no  adaptations  to  the 
local  conditions.  The  new  forms  in- 
herit their  suitability  to  their  environ- 
ment from  their  ancestors,  without  any 
aj^preciable  change  or  improvement. 
The  systematical  characters,  which  con- 
stitute them  as  good  Linnean  species, 
do  not  show  any  regular  relation  to 
their  struggle  for  life.  Considered 
from  a  biological  point  of  view  these 
new  qualities  are  of  very  secondary 
im])ortance. 

b^T)m  these  considerations  some  very 
valuable  deductions  may  be  derived. 
h  goes  without  saying  that  any  new 
forms  which  should  not,  from  the  very 
beginning,  be  sufficiently  adapted  to 
the  ])re vailing  conditions  of  life,  will 
soon  be  wi])ed  out.  But  whenever  the 
adaptation  is  the  same  as  that  of  the 
ancestors,  the  chance  of  survival  will 
also  be  the  .same.  The  new  forms  will 
develoj)  and  spread  beside  the  older 
ones,  and  according  to  the  same  general 
law.  There  is  no  reason  for  assuming 
a  further  competition  between  tiie  sjie- 
cies.  even  if  the  struggle  be  sharp  be- 
tween the  individuals  themselves.  The 
struggle  for  life,  which  took  so  jiromi- 
nent  a  place  in  the  older  theories  con- 
cerning the  evolution  of  the  s])ecies. 
seems  to  be  reduced  to  the  very  first 
])erio(l  after  their  origin.  New  forms 
have  not  to  conf|uer  their  ancestors  in 
orfler  to  suiijOant  them,  nor  to  cxtir- 
])atc  them  in  order  to  secure  their 
l>laces  in  the  flora  for  themselves.  The 
older  si)ccies  may  simply  continue  their 
spreading  beside  their  deri\atives.  .*^ome 
of  them  may.  of  course,  die  out  in  the 
j)rocess.  Imt  this  will  l)e   rather  an  ex- 
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ct'ption.  W  c  are  not  oblijj^ecl  to  regard 
a  new  species  as  coming  into  existence 
at  the  expense  of  its  ancestors,  as  was 
assumed  under  the  theory  of  natural 
selection.  The  areas  now  occupied  are 
large  enough  to  ofYer  sufficient  room 
to  newcomers,  provided  these  are  as 
well  suited  to  the  obtaining  local  con- 
ditions as  the  i)revious  inhabitants. 

If  the  ai)pearance  of  a  new  form 
does  not  imply  the  disappearance  of  its 
ancestors,  the  whole,  or  at  least  a  great 
part  of  the  family  tree  of  existing  spe- 
cies should  still  be  surviving.  It  is 
commonly  assumed  that  such  pedigrees 
are  often  only  incompletely  represented 
by  the  existing  forms  and  that  many 
links  have  disappeared  during  the  geo- 
logical periods.  Discontinuity  in  a 
pedigree  could  always  be  easily  ex- 
jilained  in  this  way.  The  conclusions  of 
Willis,  however,  no  longer  allow  the 
constant  use  of  this  method.  If,  as  a 
rule,  species  survive  beside  the  new  ones 
evolved  from  them,  there  is  no  good 
reason  to  assume  gaps  of  any  impor- 
tance between  the  members  of  any 
given  family.  The  pedigree  of  the 
whole  should  still  be  represented  in  a 
l^ractically  continuous  way  by  the  total- 
ity of  the  living  species.  This  is  a 
simple  and  clear  principle,  which  may 
free  the  systematists  from  su]:)erfluous 
hypotheses  and  at  the  same  time  make 
their  conclusions  concerning  the  affini- 
ties of  the  genera  and  species  within  a 
family  more  convincing  and  more  re- 
lial)le. 

The  Evolution  of  Species 

Species  are  thus  assumed  to  liave 
evolved  from  one  another  by  means  of 
small  steps  and  not  by  the  slow  and 
gradual  accumulation  of  infinitesimal 
variations.  It  is  now  generally  con- 
ceded that  this  latter  theory  can  by  no 
means  explain  the  first  beginning  of  the 
process.  This  view  supposed  the  se- 
lection to  take  i)lace  as  a  result  of  some 
slight  advantageous  resjionse  to  sur- 
rounding conditions.  Ikit  the  first 
steps  cannot  have  had  such  a  decisive 
degree    of    utility,    even    if    the    whole 


specific  difTerence  could  be  shown  to 
possess  it.  In  the  differentiation  of 
new  species  the  steps  must  therefore 
have  been  of  some  definite  importance. 
But  how  large  have  they  been?  This 
question  has,  at  the  present  time,  quite 
another  meaning  than  it  had  half  a 
century  ago.  We  are  now  accustomed 
to  consider  the  qualities  of  organisms 
as  built  up  of  units,  which  are  usually 
designed  as  hereditary  factors  or  sim- 
ply as  factors.  In  experimental  work 
we  rarely  know  whether  a  factor  is 
really  simple  or  still  a  compound  en- 
tity, since  in  so  many  cases  factors 
originally  assumed  as  sim])le  have  been 
split  up  into  minor  units  in  the  course 
of  further  researches.  Leaving  this 
difficulty  aside,  the  question  remains 
whether  the  steps  which  have  produced 
the  existing  species  are  to  be  considered 
as  involving  each  a  single  factor  or  a 
small  group  of  such. 

Willis  replies  that  such  changes  may 
at  times  occur  of  the  necessary  size  to 
give  rise  at  once  to  Linnean  species. 
The  elementary  species  of  Draha  vcrna 
and  of  numerous  other  plants,  described 
by  Jordan,  are  often  looked  upon  as 
constituting  the  steps  by  which  species 
have  been  evolved  in  nature.  In  order  to 
get  real  Linnean  species  we  could  sup- 
pose large  numbers  of  the  small  species 
of  Draha  vcrna  to  die  out.  since  the 
differences  between  the  remaining  ones 
would  then  evidently  increase,  and 
might  easily  reach  the  degree  necessary 
for  them  to  be  admitted  as  good  species. 
Hut  there  is  no  good  reason  for  the 
theory  of  dying  out.  and  the  discoveries 
of  Willis  show  such  a  process  to  be 
rather  an  exception  in  nature  than  a 
general  rule.  The  Jordanian  varieties 
show  the  same  phenomena  of  dispersal 
as  do  ordinary  Linnean  species.  Often 
they  occui)y  as  large  areas,  while  they 
still  remain  true-breeding,  and  show  no 
sign  of  variation.  Jordan  himself  has 
always  described  them  as  members  of 
well  known  good  species,  not  as  inter- 
mediates between  such.  Evidently  they 
do  not  constitute  the  stej^  which  pre- 
viously might  have  linked  existing  sj^e- 
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cies,  nor  those  which  would  normally 
lead  to  the  origin  of  new  species.  From 
this  we  must  conclude  that  mutations 
giving  rise  to  new  forms  in  nature  may 
vary  in  size  in  the  same  way  and  in  the 
same  degree.  Some  of  them  will  pro- 
duce Jordanian  types,  but  others  will 
give  Linnean  species.  It  seems  that 
this  is  the  general  rule,  though  it  must 
be  conceded  that  in  exceptional  cases 
the  dying  out  of  intermediates  may 
have  contributed  to  the  now  existing 
differences.  And  if  we  consider  the 
probable  connections  between  the  fam- 
ilies themselves,  and  their  evolution 
during  the  primary  and  secondary  geo- 
logical periods,  it  is  at  once  clear  that 
the  disappearance  of  linking  types  must 
have  played  more  than  a  subordinate 
role. 

Therefore  we  must  conclude  that,  as 
a  rule,  or  at  least  in  a  vast  majority  of 
instances,  species  have  been  derived 
from  one  another  by  single  steps,  em- 
bracing the  whole  of  the  differences 
indicated  by  the  systematical  diagnoses. 
The  hereditary  factors  must  change  in 
small  groups,  say  of  two  or  three  or 
some  few  more  units.  They  must  be 
assumed  to  be  connected  with  one 
another,  and  not  as  free  as  the  varietal 
factors,  studied  in  hybridizing,  usually 
prove  to  be.  In  this  respect  it  may  be 
of  interest  to  cite  the  experimental 
nnitations  of  the  si)ecies  of  Oenothera. 
Here  also  the  factors  do  not,  as  a  rule, 
change  one  by  one.  but  almost  always 
in  small  groups.  ICvery  new  type  is 
distinguished  from  its  direct  ancestor 
by  (juite  a  number  of  characters,  giving 
a  diagnosis  of  the  same  size  as  those 
of  the  wild  specie^  themselves.  In  the 
beginning  these  differences  have  been 
looked  upon  as  units,  afterwards  as 
compound  facto. "s,  and  of  late  an  analy- 
sis has  been  attenii)ted.  in  order  to 
separate  the  true  constituent  units.  Rut 
this  study  has  encountered,  until  now. 
the  same  difficulties  as  are  opposed  to 
a  factorial  analysis  of  specific  diagnoses 
in  general.  In  the  meantime  we  must 
be    contented    with    acknowledging    the 


fact  that  the  directly  observed  muta- 
tions may,  at  least  in  some  cases,  be 
of  the  same  nature  as  must  be  assumed 
for  the  origin  of  wild  species  on  the 
basis  of  Willis'  theory. 

The  Origin  of  Genera 

We  may  go  one  step  further  and  con- 
sider the  probable  origin  of  genera. 
Have  these  been  evolved  by  a  series  of 
steps  and  by  the  disapi)earance  of  the 
intermediate  ty])es?  Or  is  their  method 
of  develo])ment  governed  by  the  .same 
laws  as  that  of  the  s])ecies?  It  seems 
])r()l)a))k'  that  at  least  in  many  cases 
the  rt's])onse  to  the  last  question  must 
l)e  afrtrmative.  since  the  assumed  dis- 
ai)pearance  would  include  such  a  vast 
amount  of  intermediate  types  as  is 
hardly  compatible  with  the  general 
laws  of  distribution.  But  there  is 
another  fact  which  may  be  adduced 
here.  1  mean  the  frequency  of  mono- 
tvjiic  and  ditypic  genera,  including  only 
one  or  two  species.  They  are  very 
numerous,  over  thirty-eight  per  cent  of 
the  genera  of  the  world  containing  only 
one  s|)ecies  each,  and  about  thirteen  i)er 
cent  containing  only  two.  Monoty]:)es 
and  ditvpes  together  constitute,  there- 
fore, more  than  half  of  all  systematical 
genera.  Genera  with  three,  four  or 
more  sjjccies  than  follow  in  diminish- 
ing numbers  and  very  large  genera  are 
very  rare  in  almost  every  family.  From 
this  consideration  we  may  conclude 
that  there  is  no  real  difference  between 
genera  and  species,  excejn  in  size,  and 
that  therefore  the  origin  of  the  first 
has  been  governed  by  the  same  general 
laws  as  that  of  the  latter. 

The  same  anal<»gy  that  connects  Jor- 
danian with  Linnean  species  is  thus 
connecting  species  and  genera  also. 
The  new  law.  that  age  goes  parallel  to 
area,  and  that  the  method  of  evolution 
and  distribution  have  been,  in  the  main, 
the  same  in  all  branches  of  the  animal 
and  vegetable  kingdom,  seems  to  be  the 
])rinciple  which  must  direct  all  further 
researches  in  the  geograjihy  as  well  as 
in    the   genealogy   of    the    living    worUl. 


BOTTLE  GRAFTING 


A.  l-\  P.i.AKKSi.Ki-:  and  M.  J{.  Farmiam 
Station  for  Experimental  Evolutiou,   Cold  Sf^ring  Harbor,  Long  Island. 


IT  is  well  known  that  i)lant  hybrids 
are  usually  unable  to  breed  true 
when  propaijated  by  seed,  but  for- 
tunately, in  the  majority  of  cases  a 
desirable  plant  can  be  multiplied  by 
vegetative  means.  'Jlius  most  of  our 
fruit  trees  and  our  various  named 
varieties  of  roses,  tulips,  dahlias, 
potatoes  and  many  other  plants  are 
kept  true  to  tyi)e  1)y  the  processes  of 
buddins2;.  grafting  or  propagating  by 
cuttings  or  by  vegetative  means  of  re- 
production such  as  bulbs,  roots  and 
tubers.  By  the  chance  union  of  Men- 
delian  factors  in  hybridization  many 
combinations  of  characters  are  possi- 
ble, and  it  is  usually  the  rare  combi- 
nations which  give  us  our  choicest 
varieties.  These  choice  varieties  are 
usually  highly  complex  hybrids,  and 
in  consequence  the  mixture  of  factors 
which  they  contain  segregate  and  pro- 
duce new  combinations  in  the  forma- 
tion of  pollen  and  egg  cells.  This  is 
the  reason  that  they  cannot  breed 
true  by  seed.  Seedless  methods  of 
multiplication  are  of  value  not  only 
to  the  practical  plant  grower  but  to 
the  plant  geneticist  as  well,  who  fre- 
quently wishes  to  carry  over  individual 
plants  from  one  season  to  the  next  in 
order  to  use  them  in  his  breeding  ex- 
periments. 

In  our  work  with  the  jimson  Weed, 
for  example,  there  are  many  forms 
which,  when  ])ro])agated  by  seed,  give 
rise  to  only  a  small  percentage  of  off- 
spring like  the  parental  type.  Others 
like  our  ITajjloid  and  Triploid  Daturas 
(with  one-half  and  one  and  one-half 
times  the  normal  number  of  chromo- 
somes respectively)  cannot  ordinarily  be 
expected  to  produce  any  seedlings  like 
themselves,  and  therefore  can  be  car- 
ried over  only  by  vegetative  propaga- 
tion.    Grafting  has  been    found   rather 


difficult  with  material  which  has  been 
checked  in  its  vegetative  growth  both 
by  fruiting  and  by  the  low  temi)era- 
ture  encountered  toward  the  end  of  the 
growing  season.  If  the  grafted  i)lants 
were  kept  too  moist  they  would  tend 
to  rot.  If  the  surrounding  air  were 
not  moist  enough,  they  would  dry  out 
and  no  union  would  be  formed  be- 
tween scion  and  stock. 

To  obviate  the  difficulties  which 
have  been  enumerated  the  idea  oc- 
curred to  us  of  keeping  the  scion  sup- 
plied with  water  during  the  formation 
of  callus  by  immersing  the  base  of  the 
scion  in  a  bottle  of  water.  Such  bottle 
grafts  have  been  eminently  successful 
and  we  are  now  able  to  graft  readily 
slow  growing  forms  with  which  we 
were  formerly  rarely  successful.  W'e 
have  grafted  even  albino  seed- 
lings which  had  not  yet  shown  any 
true  leaves.  The  process  in  bottle 
grafting  is  relatively  simple.  Almost 
any  method  of  grafting  can  be  used, 
])rovided  the  base  of  the  scion  is  left 
free  for  immersion  in  a  bottle  of 
water.  The  conducting  foot  should  be 
long  enough  and  project  sufficiently  to 
j)revent  capillary  water  from  wetting 
the  jjlace  of  junction.  We  have  usually 
cut  the  end  of  the  stock  to  form  a 
wedge  which  has  been  inserted  into  a 
cleft  in  the  scion.  In  about  two  weeks 
a  union  is  made  and  the  wrapping  of 
raffia  may  be  removed. 

The  accompanying  photograph  (Fig. 
12)  shows  various  stages  in  bottle 
grafting.  At  the  left  is  a  purple- 
stemmed  stock  upon  which  a  green- 
stemmed  scion  has  just  been  grafted. 
The  base  of  the  latter  may  be  seen  in- 
serted in  a  small  bottle  of  water  which 
is  held  to  a  stake  by  a  rubber  band. 
The  pot  in  the  middle  contains  a  stock 
and  scion  which  were  similarlv  grafted 
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at  an  earlier  date.  'Ihe  base  of  the 
scion  which  acted  as  a  feedpipe  for 
water  has  been  removed  and  a  sinji^le 
band  of  raffia  protects  the  union  and 
prevents  it  breakin"^  at  the  joint  before 
it  has  been  strenc^thened  by  the  forma- 
tion of  woody  tissue.  'J'he  pot  at  the 
right  contains  a  o;reen-stenimed  stock 
upon  which  has  been  o:rafted  a  purple- 
stemmed  scion.  The  foot  of  the  latter 
which  connected  with  the  bottle  has 
not  yet  been  removed  and  may  be  seen 
as  a  small  i)rojection  on  the  left. 

Obviously  bottle  g:raftinG:  is  merely 
a  modification  of  inarching-  or  the 
grafting  together  of  two  plants  which 


are  growing  side  by  side.  Doubtless 
this  method  has  been  used  by  others, 
since  it  is  a  natural  means  of  obviat- 
ing the  difficulties  encountered  in  at- 
tempting to  graft  slow-growing  .scions. 
It  is  not  mentioned,  however,  in 
Pjailey's  Standard  Cyclopedia  of  Horti- 
culture, nor  is  the  method  known  to  a 
number  of  horticulturalists  and  botan- 
ists with  whom  we  have  discussed  the 
method.  We  are  publishing  this  brief 
note,  therefore,  to  call  attention  to  a 
method  which  we  believe  may  be  of 
considerable  use  to  plant  geneticists  in 
keeping  alive  exceptional  breeding 
material. 


Blood  Tells  Again 


The  Colorado  Endurance  Ride  takes 
place  each  year  to  stimulate  interest  in 
the  breeding  and  use  of  better  saddle 
horses.  It  is  a  gruelling  test  of  en- 
durance, which  only  a  fine  horse  can 
survive.  The  distance  covered  is 
about  three  hundred  miles.  The  con- 
test lasts  five  consecutive  days,  the 
dailv  course  averaging  about  sixtv 
miles.  Each  horse  is  required  to  carrv 
225  pounds. 

It  is  an  interesting  fact  that  this 
contest,  like  the  races  for  speed,  goes 
to  the  pure-bred  horse.  In  former 
years  scrub  horses  have  been  allowed 
to  enter,  but  in  1923  they  are  barred 
for  the  reasons  given  below : 

"A  provision  adopted  for  the  Colo- 
rado Ride  of  1923,  which  has  always 
pertained  in  the  East  but  w^as  not 
heretofore  prescribed  in  the  West,  is 
that  which  requires  that  a  competing 
horse  be  at  least  a  half-bred  of  some 
recognized  breed ;  in  other  words,  his 
sire  or  dam  must  be  a  pure  bred. 

The  Sponsors'  Committee  when  con- 
sidering this  matter  in  1922  recog- 
nized fully  that,  from  many  stand- 
points, it  was  a  sheer  waste  of  time 
to  permit  the  entry  of  horses  of  un- 
known breeding;  for  even  assuming 
the  possibility  that  such  a  horse  could 


win.  no  useful  information  would  be 
derived  from  his  performance,  inas- 
much as  one  would  have  no  clew  as 
to  how  to  reproduce  him.  However, 
it  was  deemed  wise  to  open  the  en- 
tries to  scrub  horses  for  one  year,  in 
order  to  render  it  abundantly  clear  to 
ranchmen  that  the  proper  type  of 
blood  horse  excels  the  horse  of  no 
breeding  at  any  task,  whether  it  be 
running  at  high  speed,  or  carrying 
weight  for  long  distances.  This  hav- 
ing now  been  satisfactorily  demon- 
strated, entries  have  been  restricted 
to  horses  of  known  breeding,  from 
w-hose  performance  useful  information 
may  be   derived. 

the  Colorado  Ride,  while  being  in 
terms  identical  with  that  conducted 
in  the  East,  will  in  fact  be  a  very  much 
more  severe  ordeal,  due  to  the  circum- 
stance that  on  several  days  of  the 
Ride  the  mid-day  halt  will  be  between 
1,500  and  2,000'  feet  higher  than  the 
start  on  two  more  days  it  will  be 
more  than  1.000  feet  lower.  These 
heavy  gradients,  if  negotiated  success- 
fully and  with  approximately  equal 
speed,  will  unquestionably  make  a  bet- 
ter showing  for  the  Colorado  horses.'' — 
The  Remount.  Vol.  4,  No.  1.  pp.  13 
and  14. 


THE  STORY  OF  THE  MAIZE  PLANT' 


A  Review 


THE  story  of  the  maize  plant  is 
a  comprehensive  title  and  the 
subject  is  encompassed  in  a 
small  volume  of  247  pages,  includinfj  a 
bibliograj)hy  and  index.  The  motive 
which  actuated  the  compilation  of  ma- 
terial for  this  story  is  based,  according 
to  the  preface,  "on  numerous  inquiries 
for  specific  information  about  the 
maize  plant  received  by  the  author  in 
the  course  of  four  or  five  years." 
Being  a  morphologist  it  is  not  sur- 
prising that  the  inquiries  he  received 
should  relate  largely  to  morphological 
features  and  this  doubtless  accounts 
for  the  emphasis  placed  on  morphol- 
ogy in  the  present  volume.  The  gen- 
eticists almost  certainly  will  feel  that 
their  investigational  field  has  been 
given  scant  treatment,  but  this  feeling 
may  be  due  somewhat  to  prejudice  and 
after  all  the  brevity  with  which  gen- 
etics is  treated  may  prove  a  blessing. 

There  can  be  no  question  as  to  the 
intensely  interesting  character  of  the 
morphological  problems  found  in  maize 
and  the  contributions  on  these,  which 
largely  are  a  reassembling  of  the  au- 
thor's ])revi()us  works,  arc  welcome 
and,  combined  in  one  volume,  may  be 
said  to  fill  a  long-felt  need. 

'J'he  inclusion  of  material  other  than 
morphology  was  doubtless  at  the  in- 
sistence of  the  editorial  committee 
pr()m])tcd  perhaps  by  the  desire  for  an 
appealing  general  title  and  the  result, 
as  might  have  been  anticipated,  has 
been  to  dilute  a  goiul  morphological 
treatise  with  irrL'le\ant  and  often 
archaic  ideas.  The  chai)ters  on  tillage 
will  scarcely  meet  tiie  approval  of  the 
agronomists  and  the  incongruity  of 
])resenting  descriptions  of  corn  plant- 
ers and  harvesters  between  the  detailed 
histological   accdunts   of   the  root   svs- 


tem  and  floral  organs  will  be  i)atent  to 
all.  One  misses  the  familiar  drawings 
of  the  farm  implements  discussed  and 
it  is  to  be  hoped  that  this  oversight 
will  be  corrected  in  later  editions. 

A  com])rehensive  bibliography  is  ap- 
l)ended  which  may  be  as  good  as  those 
in  many  siinilar  i)ublications.  but  a 
hasty  i)erusal  of  the  titles  affords  little 
clue  as  to  what  influenced  the  choice 
of  references.  Throughout  the  text  it 
seems  to  have  been  largely  a  matter  of 
chance  whether  or  not  the  sources  of 
information  were  cited,  though  an  ex- 
cei)tion  has  been  made  with  the  his- 
torical references  where  it  was  obvious 
that  the  author  could  not  have  made 
the  original  contributions.  Perhaps 
the  most  conspicuous  omission  is  the 
failure  to  refer  to  the  work  of  Hayes 
and  East  in  the  extended  discussion  of 
the  rtoury-corneuos  crosses. 

The  arrangement,  which  should  not 
be  charged  to  the  author  alone,  being 
also  a  res})onsibility  of  the  editors, 
seems  ca])able  of  imi)rovement  and 
much  reference  back  and  forth 
throughout  the  text  as  well  as  some 
needless  rejjetition  seems  avoidable. 

'i'he  author  is  to  be  congratulated 
on  having  receded  somewhat  from  the 
dogmatic  utterances  of  his  technical 
papers — a  ho])eful  sign  that  increasing 
e.x])erience  will  bring  about  true  scien- 
tific ()])enmindedness.  It  is  interesting 
tf)  note,  however,  that  he  still  feels 
that  ob.servations  based  on  other  than 
embryological  characters  are  super- 
ficial and  promis.'  only  a  "precarious 
base    for    philosopiiic    consideration." 

There  are  three  minor  departures 
from  accejJted  nomenclature.  Thus 
the  author  throughout  capitalizes  the 
s|)ecific  name  of  Zea  (mays),  places  an 
accent  on  the  final  "e"  in  teosinte  and 
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(lesig"natcs  the  ^rass  family  "Grain- 
ineae." 

It  is  well  to  note  that  the  ranj^e  of 
teosinte  is  j^iven  as  including-  Central 
America.  This  may  seem  a  minor 
point,  hut  taken  in  connection  with  the 
area  covered  hy  the  civilization  of  the 
Mayas,  it  is  extremely  important  to 
know  whether  this  ancestor  of  maize 
existed  in  their  terrtitory.  For  several 
years  j^ast  we  have  been  endeavoring 
to  verify  the  occurrence  of  Euchlaena 
as  a  wild  plant  in  Central  America,  but 
as  yet  these  etTorts  have  been  abortive. 
Until  definite  information  is  obtained 
it  seems  undesirable  to  extend  the 
range  of  this  species  to  include  Central 
America.  (See  Hitchcock.  A.  S.,  Jour. 
M^'ash.  Acad.  Scl..  \'ol.  Vi,  No.  S.  P. 
205.) 

It  is  apparent  that  the  author  still 
fails  to  appreciate  the  true  nature  of 
prophylla.  One  harldy  would  have  ex- 
pected a  morphologist  to  overlook  the 
fact  that  two  buds  often  are  developed 
in  the  axil  of  the  prophyllum  of  maize 
and  doubtless  the  vestiges  of  these 
buds  always  are  present.  This  is  all 
the  more  surprising  in  view  of  the 
author's  predilection  for  vestigial  or- 
gans. 

The  absence  of  satisfactory  morpho- 
logical evidence  of  buds  at  the  upper 
nodes  does  not  seem  to  suggest  to  the 
author  the  possibility  that  such  buds 
do  not  exist.  This  failure  to  abide  by 
the  morphological  rules  of  his  own 
making  is  evidenced  elsewhere.  While 
it  is  not  wished  to  stress  unduly  the 
fasciation  hypothesis  of  the  origin 
of  the  ear  it  seems  only  fair  to  the 
adherents  of  such  an  hypothesis  to 
ask  why  the  lack  of  histological  evi- 
dence for  fasciation  in  the  develop- 
ment of  the  ear  should  preclude  this 
explanation  when  the  same  lack  of 
evidence  is  not  considered  in  the  case 
of  the  normally  fasiated  stigmas  and 
of  conate  seeds. 

There  are  numerous  misstatements 
and  generalizations  which  should  be 
corrected ;  thus  on  page  20 — "Pod  corn 
frequently  appears  by  regressive  varia- 


tion in  any  variety"  and  on  i)age  117 
"Functionally  perfect  flowers  are  of 
rare  occurrence"  and  on  page  141, 
"Six-rowed  ears  have  never  been 
known  to  occur."  The  first  and  last 
of  these  statements,  of  course,  are  not 
according  to  the  known  facts  and 
while  the  other  may  be  a  matter  of 
opinion,  there  can  be  little  question 
that  the  mutations  to  pod  corn  are 
much  more  rare  than  the  occur'^ence 
of  ])erfect  flowers. 

On  page  38  we  read  "At  about  this 
time,  or  a  little  later,  the  last  of  the 
food  stored  in  the  endosperm  is  con- 
sumed and  the  new  plant  begins  its  in- 
dependent existence."  Notwithstand- 
ing this  statement  it  is  extremely 
doubtful  whether  a  normal  germinat- 
ing maize  plant  consumes  the  last  of 
the  food  stored  in  the  endosperm  and 
indeed  the  storage  of  material  in  the 
seed  in  excess  of  what  is  normally 
used  is  one  of  the  outstanding  features 
of  the  large-seeded  varieties  of  maize. 

On  pages  44-45  it  is  stated  "above 
the  first  or  second  internode  wholly 
above  the  ground  the  succeeding  ma- 
ture internodes  are  thinner  and  long- 
er" and  on  page  57  "In  this  branch 
the  uppermost  internodes  are  short, 
and  the  lower  ones  progressively  long- 
er— a  condition  exactly  opposite  that 
prevailing  in  the  main  culm."  \\  e 
have  measured  all  the  internodes  on 
hundreds  of  maize  plants  and  have 
found  that  in  a  vast  majority  of  varie- 
ties, including  the  common  commer- 
cial strains  the  longest  internode  is 
well  below  the  ear  and  usually  is  mid- 
way between  the  lowest  and  the  upper- 
most. 

On  page  78  "The  best  known  and 
probably  the  most  destructive  disease 
of  maize  is  smut  or  brand."  This  will 
reassure  the  growers  who  may  have 
become  alarmed  by  the  root-rot  propa- 
ganda. 

On  page  107  the  author  shows  great 
caution  in  accei)ting  the  hereditary 
nature  of  fasciation  and  the  inheri- 
tance of  branched  forms  of  ears  is  dis- 
paraged   as    being    nothing    more    than 
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sporadic  mutations.  But  what  more  is 
expected  of  them? 

On  page  184  we  note  that  first  gen- 
eration hybrids  are  used  extensively. 
Although  the  extensive  use  of  such 
hybrids  is  greatly  to  be  desired  the 
above  statement  must  be  taken  as  a 
prediction   rather  than   a   fact. 

These  statements  illustrate  the  futil- 
ity of  generalizations  about  this 
s])ecies  and  whenever  found  they 
should  be  the  subjects  of  reservations 
by  the  reader. 

It  is  to  be  regretted  also  that  the 
distinctive  name  hracliytic  has  been  ap- 
plied to  an  entirely  different  and  im- 
related  form  of  dwarfing  from  that 
originally  ]:)ublished  under  this  desig- 
nation. 

It  seems  worthy  of  note  that  the 
abortion  of  parts  ["which  seems  a 
characteristic  of  theories  demanding  it 
for  consistency"!  is  now  recognized  as 


a  common  phenomenon  in  the  nomial 
development  of  the  sex  organs. 

In  the  discussion  of  maize-teosinte 
hybrids  the  author  discounts  the  re- 
sults obtained  thus  far  and  urges  post- 
ponement of  further  investigations 
along  this  line.  The  efforts  of  mor- 
])hologists  in  the  past,  however,  have 
not  been  such  as  to  encourage  geneti- 
cists to  postpone  further  analysis  of 
maize-teosinte  hybrids  with  the  hope 
that  a  "sound  working  basis  of  mor- 
]diology"  will  be  available. 

Had  the  volume  been  limited  more 
definitely  to  mori)hology.  a  field  for 
which  the  author  seems  eminently 
fitted,  it  could  have  been  recommended 
highly,  having  no  more  than  the  usual 
errors  of  observation  and  interpreta- 
tion, but  as  constituted  at  j^resent  it 
falls  seriously  short  of  presenting  the 
storv  of  the  maize-plant. 

y.  H.  Kkmi'TON. 


The  Inheritance  of  Squinting 


That  squinting  is  definitely  inher- 
ited, is  the  conclusion  of  Arthur  Czel- 
litzer,  a  Berlin  oculist,  who  publishes 
a  study  of  his  cases  in  the  Archiv  f. 
Rasscn-  nnd  GcscUscJiafts-Biologic 
(XIV,  4).  More  than  800  brothers 
and  sisters  of  cross-eyed  children  have 
been  examined,  and  data  sought  re- 
garding their  |)arents  and  other  an- 
cestors. 

While  the  fre(|ucncy  of  sfjtu'nting  in 


the  general  population  is  re])orted  to 
be  only  one  or  two  per  cent,  he  found 
that  15.4  per  cent  of  the  brothers  and 
sisters  of  cross-eyed  patients  were  also 
affected.  The  author's  pedigree  charts 
lead  him  to  the  ct)nclusion  that  cross- 
eyes  dej^end  on  two  distinct  recessive 
factors.  There  seems  to  be  some 
genetic  difference  between  convergent 
and   (livergcnt   strabismus,   however. 

P.    P. 


A  Eugenics  Advisory  Bureau 


A  free  public  eugenic  clinic  is  now 
open  two  afternoons  a  week  in  the 
Anthropological  Institute  of  the  Uni- 
versity f)f  Munich.  Bavaria.  An  an- 
thro])ologist  and  a  ])hysician  are  in 
attendance,  to  help  incpiirers  to  study 
their  family  histories  intelligently  and 
learn  their  own  genetic  constitutions, 
so  far  as  is  possible.  The  examina- 
tion   results    in    the    preparation    of    a 


detailed  report,  of  which  one  copy  is 
given  to  the  ap])licant  and  the  other 
(identified  only  by  a  serial  number) 
is  kept  by  the  Institute  for  the  use  of 
research  workers.  .\  charge  is  made 
for  special  services  such  as  photo- 
gra])hs  and  X-ray  examinations.  The 
bureau  is  known  as  the  lieratungstelle 
fur  biologische   Familicnforschung. 

P."  P. 


NAKED  OATS 


'J\  R.  Stanton 
U.  S.   Dcparhucnt   of  A(iricitlturc,    Wasliiiujton.  I).   C. 


Till',  iiakcil  or  hull-less  oat  is 
without  douht  the  proverhial 
"hlack  sheep"  of  the  cultivated 
oat  family.  lu  a])i)earancc  it  is  very 
attractive  and  interestinsi^,  hut  it  is 
always  short  on  performance.  Its 
oddity  and  attractive  appearance  make 
it  readily  salahle  to  those  who  do  not 
know  it.  and  conse(|uently  it  has  heen 
considerably  exploited. 

During  the  past  fifty  years  naked 
oats  have  been  advertised  several  times 
as  a  valuable  new  variety,  with  ex- 
travagant claims  as  to  their  yielding 
power  and  usefulness  as  compared  with 
common  oats.  The  purchaser  in  every 
case  was  "gold  l)ricked"  and  became 
the  unfortunate  victim  of  the  clever 
advertising  of  the  ])romoter.  The  pro- 
moter's agents,  traveling  from  farm  to 
farm,  showed  with  great  enthusiasm  a 
few  kernels  of  the  naked  oats  in 
small  vials  which  they  carried  with 
them,  proclaiming  it  to  be  one  of  the 
marvels  of  the  age. 

In  the  decade  from  1870  to  1880, 
naked  oats,  under  the  name  of  Bohe- 
mian oats,  were  for  the  first  time  wide- 
ly exploited  in  this  country.  They  were 
known  prior  to  this,  but  apparently 
had  been  given  no  serious  considera- 
tion, especially  as  a  plant  novelty  that 
would  lend  itself  readily  to  spurious 
exploitation.  During  the  period  of  the 
Bohemian  oat  scandal  the  seed  was 
sold  for  as  much  as  fifty  cents  a  pound. 
The  Bohsmian  oats  were  rather  widely 
distributed,  but  farmers  discovered  that 
they  were  greatly  inferior  to  ordinar\' 
oats  and  soon  they  had  almost  entireh- 
disai)peared  from  cultivation.  How- 
ever, sporadic  exploitation  of  naked 
oats  under  other  names  has  occurred 
up  to  the  i)resent  day.  Every  spring 
the  Office  of  Cereal  Investigations.  U. 
S.  Dei)artment  of  Agriculture,  receives 


letters  from  farmers  re(|ucsting  seed 
or  information  on  naked  or  hull-less 
oats. 

History 

The  origin  of  naked  oats  is  not 
known,  though  they  appear  to  have 
come  originally  from  central  and  east- 
ern Asia.  'ibis  type  of  oats  was 
grown  in  England  as  early  as  the  mid- 
dle of  the  sixteenth  century.  In  some 
of  the  older  English  publications  thev 
are  referred  to  as  "peelcorn"  and  also 
as  "skinless  oats."  Naked  oats  are 
now  ffjund  in  the  dry  Tibetan-Hima- 
laya highlands  in  Russia  and  Chinese 
Turkestan,  and  in  northern  and  west- 
ern China.  Indications  are  that  they 
have  grown  in  that  part  of  the  world 
for  many  centuries,  the  grain  bein^ 
used  quite  largely  as  human  foocL 
Practically  all  of  the  naked  varieties 
received  by  the  Office  of  Cereal  In- 
vestigations were  collected  by  the  late 
Frank  N.  Meyer  in  the  regions  men- 
tioned. He  reports  that  they  usually 
were  found  growing  on  sterile  moun- 
tain sides  at  high  altitudes. 

Description 

The  chief  distinguishing  character- 
istic of  naked  oats  is.  as  the  name  im- 
plies, the  multiple-flowered  spikelet 
with  naked  or  hull-less  kernels.  The 
hull  is  not  retained  as  in  common  oats, 
but  the  grain  thrashes  free  from  it; 
The  number  of  flowers  in  the  spikelet 
varies  from  three  to  twelve,  the  average 
number  being  about  seven.  The  culms 
and  leaves  are  similar  to  those  of  com- 
mon oats,  though  the  culm  is  usually 
shorter  and  weaker  and  lodges  more 
easily.  .As  in  common  oats,  there 
are  varieties  with  both  spreading  and 
side  (horsemane)  ])anicles.  the  latter 
being  ])ractically  unknown  in   America. 
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A  PANICLE  AND  SPIKELET  OF  NAKED  OATS 
VuAKV.  14.  The  most  desirable  character  possessed  by  the  hull-less  varieties  of  oats  is 
the  multiflorous  spikelets  (lower  left-hand  corner),  which  could  be  used  to  make  hulled 
varieties  much  more  prolific,  were  it  possible  to  transfer  the  character  to  them  ^"lor- 
tunatelv  hull-kssness  and  multiflorous  spikelets  are  very  closely  correlated  or  l>"J<fO.  and 
they  never  segregate  separatelv  in  the  second  generation  of  crosses  of  naked  by  hulled  oats. 
Naked  oats  is  the  black  sheep  of  the  family;  it  promises  well  but  is  always  short  on  per- 
formance. Furthermore  the  grain  does  nf)t  keep  long  in  storage  as  the  lack  of  hulls  seems  to 
inhibit  proper  respiration.     The  panicle  shown  is  of  the  variety   known  as   Ounese   Hull-less. 


A    PANICLE    OF    ORDINARY    HULLED    OATS 

FiGLRE  r.j.  The  variety  is  Swedish  Select,  one  of  the  better  commercial  strains  of  oats. 
Note  that  only  two  grains  normally  develop  on  a  spikelet,  whereas  in  naked  oats  from  four 
to  twelve  grains  are  found.  Nevertheless  the  yield  of  this  variety  is  much  greater  than  that 
of  the  best  varieties  of  naked  oats.  Naked  oats  are  supposed  to  be  native  to  Central  Asia. 
Thev  were  introduced  into  England  as  early  as  the  sixteenth  century,  and  were  called  "peel- 
corn"  or  "skinless  oats."  They  were  known  in  this  country  early  in  the  nineteenth  century, 
but  were  not  exploited  as  a  superior  "novelty"  untl  1870.  At  the  time  of  the  "Bohemian 
oats"  scandal,  seed  sold  for  as  much  as  fifty  cents  a  pound. 
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There  also  are  varietal  differences  in 
size  and  length  of  kernel,  and  in  the 
presence  and  absence  of  awns.  Panicles 
and  spikelets  of  naked  and  common 
oats  are  shown  in  Figures  14  and  15, 
respectiAcly. 

Varieties 

The  number  of  varieties  of  naked 
oats  is  comparatively  small.  Most  ot 
the  lots  introduced  into  this  country 
have  been  of  the  Chinese  variety  (A. 
Hilda  chinciisis,  Fisch.),  with  spreading 
panicles  and  with  either  awned  or 
awnless  lenimas.  This  variety  is  the 
one  which  has  been  most  commonly 
exploited. 

In  recent  years  several  new  varie- 
ties of  naked  oats  have  been  developed 
in  this  country  by  crossing  the  Chinese 
\ariety  on  some  of  the  best  common 
varieties.  The  most  notable  is  that 
of  the  Liberty  Hull-less,  (Ottawa  No. 
480)  (see  Fig.  16)  developed  by  Dr. 
C.  E.  Saunders  of  the  Central  Ex- 
periment Farms,'  Ottawa,  Canada, 
from  a  cross  between  Chinese  Hull-less 
and  Swedish  Select.  Dr.  Saunders 
succeeded  in  getting  a  stiffer  strawed 
variety  in  the  Liberty  Hull-less,  but  in 
yield  it  apparently  is  not  greatly  su- 
perior to  the  Chinese  Hull-less  parent. 
It  may  also  be  slightly  less  .susceptible 
to  di.sease  than  the  naked  ])arent,  all 
of  the  strains  of  naked  oats  which 
have  been  introduced  into  this  country 
being  very  suscejjtible  to  smut  and 
rust. 

Recently  the  South  Dakota  Agri- 
cultural I'.xperiment  Station  at  P)n)ok- 
ings  has  bred  a  new  naked  \ariet\' 
from  a  cross  between  Kilby  Hull-less 
and  Swedish  Select.  This  new  variety 
is  i)ractically  identical  with  the  Liberty 
Hull-less.  One  year's  observatiow  of 
this  variety  indicates  that  it  is  not 
su])cri(»r  to  other  naked  varieties.  The 
Dei)artiuent  of  Plant  I^ireeding  at  Cor- 
nell L'niversity  also  lias  bred  several 
new  naked  sorts  from  a  cross  between 
naked  oats  and  ."Swedish  Select. 


Yield 

The  agronomic  value  of  any  crop 
variety  is  determined  primarily  by  its 
yielding  power.  Naked  oats  have  been 
included  in  a  few  scattered  varietal 
experiments.  The  earliest  reported  ex- 
periments in  which  the  naked  variety 
was  comj)ared  with  ordinary  ones  were 
conducted  b\-  the  Uni^•ersity  of  Wiscon- 
sin at  Madison  in  1871.  The  results 
of  these  experiments  as  reported  by 
McAfee,'*  farm  superintendent,  shows 
that  Bohemian  Hull-less  oats  yielded 
970  i)ounds  of  grain  to  the  acre,  as 
compared  with  2,489  pounds  of  W'hite 
Schonen,  1,992  pounds  of  common 
local  oats,  and  yields  of  other  varieties 
\arv   from    1.510  to   2,404   pounds. 

In  191 6,  the  Washington  Agricul- 
tural Experiment  Station  at  Pullman 
reported'"  some  results  with  hull-less 
and  other  varieties  of  oats  grown  in 
1913,  1914  and  1915.  Only  yields  in 
grams  per  plat  are  shown,  but  these 
])rovide  a  basis  for  satisfactory  compar- 
isons. The  average  yield  of  naked  oats 
for  the  three  years  was  i  ,456  grams ; 
of  Chinese  Hull-less,  1.063  grams;  of 
.\bundance,  3,246  grams,  and  of  Ban- 
ner. 3.248  grams.  If  the  yields  of 
these  two  latter  hulled  varieties  are 
reduced  by  twenty-five  per  cent,  the 
approximate  weight  of  the  hulls,  they 
are  still  in  excess  of  2.400  grams  of 
dehulled   grain. 

Some  of  the  more  recent  introduc- 
tions of  naked  oats  have  been  grown 
for  one  or  two  years  at  the  field  sta- 
tions of  the  Office  of  Cereal  Investiga- 
tions. .At  some  stations  they  were  so 
poor  that  they  were  not  thtuight  wortii 
harvesting.  As  a  consequence,  few 
yield  data  on  hull-less  varieties  have 
J)een  accumulated.  Such  data  are  avail- 
able for  191 4  and  191 5  at  both  Moc- 
casin. Montana,  and  llighmore.  South 
Dakota,  on  one  variety  of  naked  oats. 
.\t  Moccasin,  the  hull-less  averages 
i.o<;8  pounds  t(»  the  acre,  as  against 
1.802  i)ounds  of  Swedish  Select  oats. 
.\t   Highmorc.  the  average  yield  of  the 


*  I'nr  luimbcrcd  rcfiTcnccs.  sec  Litcrcilurc  Cited,  at  tud  of  article. 


PANICLE    AND    SPIKELET    OF    CROSS-BRED    NAKED    OATS 

Figure  lO.  This  is  one  of  the  improved  varieties  of  naked  oats  developed  in 
Canada.  .Heavier  yields  are  obtained  than  from  Chinese  naked  oats  (Figure  14),  and 
it  is  more  resistant  to  rust.  Nevertheless  it  is  not  a.  very  desirable  proposition  from  the 
farmer's  standpoint,  as  the  amount  of  grain  produced  is  less  than  that  of  any  of  the 
standard  hulled  varieties.  It  was  developed  by  Dr.  Saunders,  of  the  Ottawa  Experi- 
ment Station,  by  crossing  Swedish  Select  (Figure  15),  and  Chinese  Hull-less  (Figure 
14),  and  is  called  Liberty  Hull-less.  Many  of  the  leading  plant  breeders  have  tried 
to  produce  a  strain  of  naked  oats  that  would  be  superior  to  the  hulled  varieties,  but 
so  far  none  of  them  has  been  successful. 
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hull-less  variety  was  only  224  pounds 
compared  with  1,792  povnids  produced 
by  the   Sixty- Day. 

During  the  years  191 /.  191 8  and 
1921,  three  varieties  of  naked  oats 
were  included  in  the  oat  nursery  main- 
tained by  the  Office  of  Cereal  Investi- 
gations on  the  Aberdeen  Substation. 
Aberdeen,  Idaho.  The  average  yields 
of  these  varieties  were  4,134.  4.370 
and  4,458  pounds,  as  compared  with 
an  average  yield  of  6,742  pounds  from 
the  Silvermine  oat  under  the  same  con- 
ditions. Reducing  the  latter  yield  by 
twenty-five  per  cent,  the  normal  weight 
of  the  hulls,  the  Silvermine  still  pro- 
duced 5,057  pounds  of  kernels  with 
the  hulls  removed,  considerably  more 
than  any  of  the  naked  varieties. 

The  Liberty  Hull-less  has  been  in- 
cluded in  recent  nursery  experiments 
at  Cornell  University.  Its  average 
yield  for  the  three-year  period  from 
1919-1921,  inclusive,  has  been  961 
pounds  as  compared  with  1.850  and 
1,710  pounds  for  Cornellian  and  Sil- 
vermine, respectively,  two  of  the  best 
common  varieties. 

These  figures  show  clearly  that 
naked  oats  cannot  compete  with  com- 
mon hulled  oats  in  yield,  the  most 
\aluable  asset  of  any  cro])  \arietv. 
Naked  (jats  cannot  be  recon'imended 
for  growing  under  held  conditions,  and 
it  simply  is  a  waste  of  time  and  nion.'v 
tor  farmers  to  attem])t  to  grow  them. 
Not  until  better  yielding  naked  varie- 
ties are  developed  will  it  be  jjossible 
to  make  a  recommendation  favorable  to 
this  ty])e  of  oats. 

Other   Undesirable  Characters 

l'.\en  il'  naked  oats  compared  favor- 
ably with  ordinary  oats  in  yield,  it  is 
very  doubtful  if  they  would  be  grown 
extensively  because  of  the  poor  keei)- 
ing  qualities  of  the  grain.  It  is  diffi- 
cult to  store  them  in  bulk  in  large 
quantities,  as  they  go  out  of  condition 


very  quickly.  The  absence  of  hulls 
apparently  affects  the  process  of  res- 
])iration  in  the  kernel,  and  as  a  result 
deterioration  takes  place  rapidly.  Naked 
oats  also  lose  their  viability  in  a  short 
time,  seed  a  year  old  usually  showing 
a  very  low  percentage  of  germination. 

Inheritance   of   the   Naked   Character 

Naked  oats  have  some  value  for 
hybridization,  though  they  are  of  more 
interest  to  the  geneticist  in  determining 
the  mode  of  inheritance  of  certain 
characters  than  they  are  to  the  prac- 
tical plant  breeder.  Some  of  these 
studies  have  been  reported. 

Norton".  Zinn  and  Surface'",  Gaines^ 
Love  and  McRostie',  and  Capron".  have 
rei)orted  on  studies  of  the  mode  of  in- 
heritance of  the  naked  character  in 
naked-bulled  croses.  Their  results 
agree  (|uite  well  and  indicate  ratlu'r 
definitely  a  simple  monohybrid  segre- 
gation in  the  second  generation  of  one 
naked,  two  intermediate  (with  both 
naked  and  hulled  t)ats  in  the  same 
spikelet),  and  one  hulled. 

The  main  object  of  jiractical  breed- 
ers such  as  the  Cartons-^' ^  of  luigland 
and  Pringle''- ^- ^^  of  \'ermont  in  using 
naked  oats  for  crossing  was  to  obtain 
a  n.any-flowered  hulled  variety.  The 
results  of  recent  investigations,  how- 
ever. ]iarticularly  the  work  of  Zinn 
and  Surface.  Caporn.  and  Love  and 
McRosn'e.  indicate  that  such  a  variety 
is  impossible.  They  have  shown  that 
the  niany-Howered  spikelet  and  naked 
kernel  or  membraneous  palea  are 
linked.  i'Or  this  reason  the  number 
(;f  flowers  is  reduced  in  all  plants  which 
breed  true  for  adherent  i)ale?,  (hulled 
condition).  .Xccorchng  t(^  Capron,  a 
birtorous  naked  form  is  possii)le.  but 
from  the  i)ract:cal  asi)ect  is  not  de- 
sirable. ( )n  the  other  hand,  a  multi- 
llorous  iiullcd  form  is  very  desirable, 
but    seems   im|X)ssihle  genetically. 
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Bringing  Up  the  Baby 


Nursery  Guide,  1)v  Louis  \\\  Saur, 
M.  D.,  Senior  Attending  Pediatri- 
cian, Evanston  Hospital  Illustrated 
with  11  figures.  Pp.  ISS.  Price. 
$1.75.  The  C.  W.  :^Iosbv  Co..  St. 
Louis,  1923. 

Of  at  least  indirect  interest  to  eugen- 
ists  is  the  problem  of  raising  children 
after  they  are  born.  As  an  aid  to  this, 
"Baby  Books"  are  of  no  small  value. 
Perhaps  as  more  of  them  come  into 
being,  that  much  discussed  quality,  in- 
telligence will  be  given  a  survival  value 
by  reason  of  the  fact  that  only  the  ex- 
ceptional mother  will  be  able  to  un- 
ravel the  meaning  of  some  of  the 
jihrases  used  in  them. 

The  most  valuable  innovation  in  this 
volume  and  one  that  is  only  inadequate- 
ly used,  is  to  illustrate  the  more  com- 
])licated  ])hases  of  "bringing  u])  the 
baby"  by  n-.eans  of  photographs.  How- 
ever, even  a  beginning  in  this  direction 


is  to  be  commended,  and  we  hope  that 
the  idea  can  be  extended  and  amplified 
in  later  editions. 

The  book  contains  very  few  state- 
ments regarding  heredity,  but  on  the 
first  page  of  the  text  is  one  that  is 
certainly  open  to  misinterpretation : 
"Tuberculosis  is  not  inherited,  but  is 
acquired  some  time  l)efore  or  after 
birth." 

As  it  stands,  the  statement  is  true, 
but  it  is  misleading  in  that  no  mention 
is  made  of  the  important  role  of 
heredity  in  determining  whether  tuber- 
culosis will  or  will  not  be  acquired. 
Recent  investigations  indicate  that  this 
"indirect  heredity"  is  all-important. 
We  are  all  exposed  to  tuberculosis,  but 
those  individuals  who  have  inherited  ? 
susceptibility  to  the  disease  are  much 
more  likely  to  fall  victims  to  it  than 
others  living  under  similar  conditions 
who  come  of  resistant  stock. 


Eugenics  in  Germany 

Privat-dozent    Dr.    Fritz    Lenz.    one  nich.       ibis    is    the    first    professorship 

of  the  editors  of  the  Archiv  fuer  Ras-  in  Germany  to  be  devoted  to  eugenics 

sen-      und      Gesellschaitsbiologie.      has  under    the    name,    although     Hcinrich 

been     appointed     Professor     of     Race  Poll    has    for    some    years    occupied    a 

Hvgiene    (the    German    equivalent    of  chair  of  "human  genetics"  at  the  L'ni- 

cugenics)    at    the    University    of     Mu-  versity  of   Berlin. 


WISCONSIN  "EUGENICS  LAW"  NOT  REPEALED 


ACCORDING  to  a  widely  circu- 
lated report  the  so-called  Wis- 
consin "Eugenics  Law"  has  heen 
repealed.  As  a  matter  of  fact,  this 
does  not  apjiear  to  he  the  case,  al- 
though it  is  (juestionahle  whether 
keeping  the  law  on  the  statute  hooks 
has  any  great  eugenic  value.  After 
considerahle  dehate  hy  the  Wisconsin 
Legislature  the  old  law  was  extended 
if  not  strengthened  hy  adding  a  clause 
requiring  women  to  file  an  affidavit 
that  they  are  free  from  social  diseases 
hefore  a  license  to  marry  will  he 
issued. 

The  original  law  was  passed  in  1!)14 
and  required  "A  medical  examination 
of  all  male  persons  making  applica- 
tion to  marry."  Later  the  courts 
ruled  that  it  was  not  the  intention  of 
the  Legislature  to  require  the  Was- 
serman  test  as  part  of  the  examination. 
This  had  the  effect  of  further  reduc- 
ing the  already  limited  usefulness  oi 
the  measure. 

It  is  greatly  to  he  deplored  that 
such  legislation  should  he  connected 
in  name  with  eugenics.  The  limited 
provisions  of  the  law  in  the  first 
place,  and  the  way  it  has  heen  admin- 
istered show  that  it  has  little  eugenic 
value.  Perha])s  the  history  of  this 
law  points  a  moral:  that  much  research 


and  a  vast  amount  of  education  in  the 
elementary  principles  of  hiological  in- 
heritance must  come  hefore  sound  legal 
action  is  possihle  and  would  receive 
the  necessary  puhlic  suj)port.  In  a 
eugenically  enlightened  community 
with  the  importance  of  heredity  ]jrop- 
erly  appreciated,  and  the  fact  of  the 
inheritance  of  many  weaknesses  hoth 
mental  and  physical  generally  realized, 
the  right  kind  of  pre-marriage  exam- 
ination would  he  of  no  small  value. 
Until  there  is  wide  puhlic  appreciation 
of  these  facts  it  is  impossihle  that 
many  people  would  have  the  hiological 
hackground  to  place  the  i)r()per  inter- 
])rctation  on  the  results  of  such  an  ex- 
amination. The  only  effects  that  it 
has  today  are  most  certainly  dys- 
genic.  Serious-minded  people,  who 
appreciate  their  rcsj^onsihility  to  future 
generations,  are  un(k)ul)tedly  often  de- 
terred from  marriage  hy  such  an 
examination,  and  for  no  sound  hio- 
logical reason.  ( )n  the  other  hand, 
those  who  lack  the  mental  capacity 
to  realize  the  consequences  of  their 
acts  are  not  led  hy  it  to  forego  mar- 
riage. Such  a  law  must  he  hacked 
hy  educated  jmhlic  o])inion  if  its  en- 
forcement is  to  he  either  intelligent 
or   effective. 


The  Mathematics  of  Life 


Mathf..m.\i  I K  IN  I)  l'ioi.o(;ii:.  hy 
M.AKTix  .Sen IPS.  Mathematical  and 
Physical  Lihrary.  X'olume  42.  Pp. 
52;  10  figures.  Price,  li)  cents.  Leip- 
zig, Verlag  von  I>.  (I.  Tuehner,  1!)22. 

This  little  hooklet  is  not.  as  one 
might  expect,  a  discussion  of  hiometry, 
hut  rather  an  account  of  some  of  the 
mathematical  relations  existing  within 
an  individual  living  organism.  The  sym- 
metry of  organisms  finds  one  of  its 
most  complicated  illustrations  in  the 
arrangement  of  leaves  on  the  stem  of 
a  plant,  accor<ling  to  fornnilas  which 
can  he  worked  out  definitely,  and 
formed  the  hasis.  a  score  of   vears  or 


so  ])ast,  tif  a  stuily  that  enjoyed  some 
])oi)ularit\',  namely,  phyllotaxy.  The 
size-relations  of  an  organism  are  also 
discussed  under  the  head  of  morph- 
ologv.  The  second  part  of  the  hook  is 
given  U])  to  anatomy  an<l  physiology. 
It  considers  such  ])rol)lems  as  the 
mechanics  of  hones,  muscles,  and 
hlood  vessels,  and  ends  with  a  discus- 
sion of  Weher's  Law.  While  all  these 
suhjccts  are  more  or  less  familiar  to 
the  student,  it  is  worth  while  to  have 
them  hrought  together  and  correlated: 
and  tiie  formti'as  which  the  hook  con- 
tains will  also  he  found  convenient 
for  reference.  — P.   P. 
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A  MULTIFLOROUS   VARIATION   IN 
BURT  OATS 

F.  A.  CoFFMAN  and  K.   S.  Quisfnherrv' 
U.  S.  Department  of  A(p-ienlture. 


A  STUDY  of  variation  in  Burt 
oats^  has  been  conducted  during 
the  past  several  years  at  the 
Akron  Field  Station  of  the  United 
States  Dei)artment  of  Agriculture  at 
Akron,  Colo.,  and  at  the  Kansas  Agri- 
cultural Experiment  Station,  ]\Ianhat- 
tan,  Kans.  In  this  study,  a  plant  ap- 
peared in  a  strain  of  Burt,  C.  L  No. 
1921,"  grov^n  at  Akron  in  1920.  which 
shovi^ed  the  multiflorous  spikelet  cor- 
related with  the  naked  (hull-less)  con- 
dition characteristic  of  Avcna  niida. 
The  outer  glumes  of  the  spikelets  were 
long,  resembling  those  of  Avena  niida. 
The  spikelets  were  from  two  to  six 
flowered,  with  elongated  rachillas, 
causing  the  florets  to  extend  beyond 
the  outer  glumes. 

The  lemma  and  palea  were  of  a  dark 
brown  color  and  the  caryoi)sis  [kernel] 
was  larger  than  is  common  with  the 
naked  oats  (Fig.  IT).  Approximatelv 
forty  per  cent  of  the  seeds  thrashed 
free  from  the  flowering  glumes.  The  per- 
centage of  naked  seeds  in  the  spikelet 
did  not  appear  to  vary  with  the  posi- 
tion of  the  spikelet  on  the  panicle. 
The  panicle  of  the  variation  shown 
in  comparison  with  ordinary  hulled  and 
naked  oats  in  Figure  21  presented,  in 
part,  the  appearance  of  a  hulled  X  hull- 


less  first  generation  hybrid  as  described 
by  Norton  (6)/  Zinn'and  Surface  (8), 
Gaines  (2),  Caporn  (i),  and  Love 
and  McRostie  (4).  Norton  observed 
one  plant  resulting  from  the  cross.  Eu- 
ropean Hull-less  X  Carton's  Tartar 
King,  which  he  states  "seems  to  have 
become  fi.xed  in  the  intermediate  tvpe. 
In  this  example  we  have  an  extremely 
rare  case  of  the  fixation  of  a  heterozv- 
gote  or  hybrid  state."  Farther  than 
this  statement  no  information  regarding 
this  peculiar  form  seems  to  have  been 
published.  Hulled  and  naked  kernels 
from  panicles  bearing  naked  seeds, 
hulled  seeds  from  normal  panicles  and 
ordinary  naked  kernels  are  shown  in 
Figures  19  and  20. 

The  particular  strain  of  Burt  oats 
in  which  this  variation  appeared 
originated  at  the  Iowa  Agricultural 
Experiment  Station,  Ames,  Iowa.  It 
was  introduced  into  the  agronomic 
nursery  at  the  Kansas  Agricultural 
Experiment  Station.  Manhattan,  Kans.. 
in  1918.  So  far  as  the  history  at  the 
Kansas  station  is  known,  this  selection 
had  never  been  grown  adjacent  to  or 
even  near  any  Avena  nmia  types. 

The  kernel  from  which  the  plant 
under  discussion  was  grown  was  de- 
scribed as  being  of  the  safiva  type  of 


This  study  has  been  conducted  by  F.  A.  Coffman.  assistant  agronomist.  Office  of 
Cereal  Investigations,  Bureau  of  Plant  Industry,  U.  S.  Department  of  Agriculture,  located 
at  the  Akron  Field  Station,  Akron,  Colo.,  bv  K.  S.  Quiscnhcrrv,  workinsr  both  at  the 
Kansas  Agricultural  Experiment  Station,  Manhattan,  Kans..  and  the  West  Virginia  Agri- 
cultural Experiment  Station,  Morgantown.  W.  Va.  The  writers  are  indebted  to  Prof. 
John  H.  Parker,  in  charge  of  crop  improvement  at  the  Kansas  .Agricultural  Experiment 
Station,  and  to  C.  W.  Warburton,  in  charge  of  cereal  agronomy  experiments  in  the  Office 
of  Cereal  Investigations,  Bureau  of  Plant  Industry,  U.  S.  Department  of  .Agriculture,  for 
many  helpful   suggestions   and   criticisms   in  the  preparation   of   this   paper. 

"  The  study  of  variation  in  Burt  oats  has  been  conducted  as  a  cooperative  problem 
at  the  -Akron  Field  Station,  Akron,  Colo.,  and  the  Kansas  .Agricultural  Experiment  Station, 
Manhattan.    Kans. 

^  Cereal    Investigations    accession    number. 

*  Figures  in  parenthesis  refer  to   Literature  Cited,  at  end  of  article. 
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XAKKI)    OATS  IMinOXTS 

NORMAL  BURT  OATS  AND  NAKED  OATS 

FiGLRK  IT  Normal  hulkd  oat^  have-  oiilv  twc  Ho\v(.r>  tu  the  panicle,  while  luiktcl  oats 
have  an  average  of  seven.  A  strain  ..f  Burt  Oats  had  been  grown  for  several  years  at  the 
Kansas  Agricultural  Kxperiment  Station,  when  the  variation  shown  ni  higure  Id  appc-areil 
in  l')20  The  selecti(.n  in  which  the  aberrant  plant  appeared  had  never  Ix-en  grown  near  any 
naked  oats,  so  far  as  knnwn.  This,  and  the  behavior  ..f  the  plants  in  subse(|uent  generations, 
makes  the  origin  of  the  variation  by  natural  crossing  seem   very   unlikely. 


tl 


THE  MULTIFLOROUS  VARIATION  IN  BURT  OATS 
Figure  18.  Notice  how  much  tliis  form  rcscml)lcs  naked  oats  except  for  the 
dark  color  of  the  spikelet.  and  the  liardened  glume  tissue,  which  are  not  charac- 
teristic of  Azrua  nuda.  The  multiflorous  character  would  be  very  valuable  to  the 
breeder  if  it  could  be  linked  with  the  hulled  condition.  Unfortunately,  even  in  this 
mutation-  the  multiflorous  spikelet  and  the  hull-less  kernels  are  found  together,  al- 
though in  an  intermediate  form.  The  plants  of  this  variation  mature  several  days 
earlier  than  other  varieties  with  which  they  were  grown.  No  data  has  been  ob- 
tained as  to  yield,  in  comparison  with  either  hulled  or  naked  oats. 


NAKED    KERNELS   OF    BURT    OATS    AND    HULL-LESS    OATS 
Figure  19.    The  grains  of  hull-less  oats  (top)  arc  somewhat  smaller  and  lighter  in  color 
than  naked  seeds  of   the   Burt   variation    Chottom).     The   cause   of    the   multiflorous    variation 
is  not  known,  hut  it  apinars  to  he  due  U)  a  mutation  rather  than  to  natural  crossmg. 


articulation,  having'  no  basal  scar  or 
basal  ptibescence.  It  had  a  brown 
glume  and  a  weak  awn.  This  kernel. 
along  with  several  thousand  others, 
was  sown  at  Akron.  Colo..  April  29, 
1920.  The  plant  headed  June  21, 
which  was  five  days  earlier  than  the 
average  for  the  parent  strain.  Of 
227  plants  of  this  strain  of  Burt,  l)Ut 
ten  reached  the  heading  stage  before 
June  21.  With  the  exception  of  the 
panicle,  the  characters  of  the  i)lant 
did  not  vary  greatly  from  the  average 
of  the  parental  strain. 


Experimental  Data 

In  IW21.  kernels  from  the  variant 
were  sown  at  tiie  .\kron  l-'ield  Sta- 
tion and  at  the  Kan.sas  Agricultural 
K.xperiment  Station.  Several  unfavor- 
able factors  influenced  the  results  ob- 
tained at  tiie  two  stations.  Weather 
conditions  at  Akron  in  1921  were  very 
adverse,  and  as  a  result  of  dry  weather 
and  the  ravages  of  locusts  but  forty- 
three  plants  were  grown  to  maturity 
from  a  total  of  eighty-one  kernels 
sown.  The  i)lants  at  the  Kansas  sta- 
tion fared  little  better,  injury  by  chinch 


!^ 
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HULLED    KERNELS    OF    BURT    OATS 

FiGiRF.  20.  Abiiut  fdrty  per  cent  of  the  spikclcts  of  the  aberrant  plants  produce- 
naked  grains,  the  rest  of  the  kernels  being  hulled  like  those  shown  above  (top  row). 
Both  hulled  and  naked  grains  are  found  on  different  spikelets  of  the  same  plant. 
These  grains  of  the  multiflorous  variation  arc  darker  and  somewhat  larger  than 
the  normal  Burt  oats   (lower  row) 
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bugs  preventing  all  but  sixteen  plants 
from  maturing  seed.  Although  the 
1921  experiments  were  affected  by 
several  im favorable  conditions,  the  re- 
sults obtained  were  of  a  convincing 
nature.  In  all  cases  the  plants  grown 
at  both  stations  presented  an  appear- 
ance closely  approximating  that  of  the 
original  ])lant  variant.  Some  plants 
resembled  the  characters  of  Avcna  niida 
more  closely  than  others,  but  no  plants 
were  found  which  resembled  the  hulled 
oat  type  to  a  very  marked  degree. 

In  1922,  kernels  from  each  of  the 
plants  of  the  variant  grown  at  the 
Akron  station  in  1921  were  sown  on 
April  27.  A  total  of  about  two  hun- 
dred kernels  was  sown,  from  which 
one  hundred  ninety-three  plants  grew 
to  maturity.  The  plants  were  un- 
usually early  in  heading  and  most  of 
them  had  fully  matured  l)y  July  16. 
It  was  found,  on  closely  examining 
the  ])anicles,  that  all  but  one  of  the 
l)lants  presented  the  intermediate  hull- 
ed-naked form  of  the  original  varia- 
tion discovered  in  1920.  One  plant 
bearing  two  small  ])anicles  was  ob- 
served in  the  material  grown  at  Akron 
in  1922.  which  bore  only  naked  kernels. 
This  plant  closely  resembles  the  other 
plants  of  this  ])eculiar  strain  of  l-Jurt 
oats  in  all  other  res])ects,  however,  and 
does  not  appear  to  lie  a  true  Avcna 
iiiidd.  Whether  it  will  reproduce  this 
naked  condition  can  be  determined  only 
by  growing  progeny   from   it. 

The  weather  at  .\kron,  Colo.,  in 
1922,  was  very  dry  during  the  time 
these  plants  were  maturing,  and  as  a 
result  the  color  of  the  glumes  of  the 
oat  kernels  was  perfectly  develojied. 
It  was  of  interest  to  discover  that  in 
some  ])anicles  the  glumes  were  very 
nearly  black. 

A  total  of  150  kernels  of  the  variant 
was  sown  in  the  Plant  lirecding  Nurs- 
ery at  Morgantown,  W.  \'a.,  in  \()22. 
I'rom  these  about  one  hundred  plants 
develo|>ed.  These  plants  were  the  ear- 
liest forms  in  the  nursery,  heading 
.several  days  before  any  of  the  other 
oats.     All  of   the   plants  again   showcfl 


the  intermediate  form,  charac'eristic  of 
the  original  variant. 

Discussion 

The  cause  of  this  multitlorous  varia- 
tion in  Burt  oats  is  not  definitely 
known.  Natural  crosses  are  known  to 
occur  in  oats  and  have  been  reported 
by  various  plant  breeders.  For  a  na- 
tural cross  to  occur  it  would  have 
been  necessary  for  the  Burt  strain, 
C.  I.  No.  1921,  to  have  been  grown 
near  a  naked  form,  and  so  far  as  is 
known  this  did  not  occur  at  the  Kan- 
sas Agricultural  Experiment  Station 
at  Manhattan,  Kans.,  in  1919,  when 
the  strain  was  grown  at  that  station. 
If  the  variation  was  due  to  a  cross, 
segregation  such  as  has  been  reported 
by  various  plant  breeders  for  hulled 
X  naked  ci^nsses  would  be  expected. 
During  the  three  seasons  this  plant 
variant  and.'progeny  from  it  have  been 
grown,  segregation  has  been  noticed 
in  only  one  case,  and  this  segregating 
plant  more  closely  resembles  the  multi- 
florous variant  from  which  it  originated 
than  it  does  the  Az'cncj  nuda  form.  If 
this  form  originated  from  a  hulled  X 
naked  cross,  the  progeny  should,  ac- 
cording to  those  who  have  investigated 
crosses  between  hulled  and  naked 
forms,  have  segregated  into  hulled,  in- 
tcrn;cdiate,  and  naked  forms  in  the 
ratif)  of  1:2:1.  in  the  1921  crop.  .\c- 
cording  to  Gaines  (2),  the  develop- 
ment of  color  is  supposed  to  l>e  in- 
hibited by  the  naked  character  in 
segregates  of  hulled  X  naked  crosses. 
Panicles  in  which  the  glume  color  is 
very  well  develoi>cd  are  not  diftlcult 
to  tind  in  the  i)lants  of  this  variation 
and  some  plants  which  have  almost 
black  glumes  have  l)een  observed. 

X'arious  mutations  have  been  re- 
l)orted  in  oats,  both  in  jilant  and  seed 
characters.  Nilsson-Ehlc  (5)  ncned 
the  occurrence  of  white  <tr  gray  in- 
dividuals in  black  varieties.  W'arbur- 
ton  (7)  found  dwarf  forms  of  jilants 
apiKraring  in  the  Victory  variety.  The 
seed  from  these  dwarf  forms,  when 
planted,  bred  true.     No  explanation  of 
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Ml    Mil   I.OKOIS     lU   KT     OATS 

NAKED  OATS  AND  BURT  OATS 


NOKMAT,  nrRT   OATS 


Figure  21  The  multiflorous  variation  of  Hurt  oats  looks  not  unlike  a  first  generation 
hybrid  between  hulled  and  naked  oats,  as  described  by  other  authors.  However  its  genetic 
behavior  is  entirely  different.  N()  segregation  occurs  in  later  generations,  which  would  be 
expected  if  the  form  were  a  hybrid. 
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the  occurrence  of  the  dwarfs  is  given 
except  that  there  was  no  evidence  of 
hylji'idization.  Love  and  ]\IcRostie  (4) 
report  forms  similar  to  naked  oats, 
which,  they  indicate,  may  have  origi- 
nated through  mutative  changes.  In 
a  pure  Hne  of  Sixty-Day.  spikelets  ap- 
j^eared  similar  to  true  naked  forms. 
The  kernel  was  loosely  held  in  the 
glumes  and  an  increased  numl^er  of 
flowers  developed  per  spikelet.  When 
sown,  tiiese  seeds  produced  plants 
which  did  not  reproduce  this  naked 
tendency.  Garber  (3)  describes  forms 
of  false  wild  oats  ai)pearing  in  Vic- 
tory. Garton  No.  784.  and  Aurora,  and 
states  that  "these  aberrant  forms  mav 
be  attributed  more  logically  to  muta- 
tions than  to  natural  crossing." 

Summary 

Numerous  reports  (jn  controlled 
cros.ses  of  hulled  X  naked  oats  have 
been  published.  All  of  these  reports 
have  shown  segregation  in  the  second 
hybrid  generation  in  the  ratio  of  i 
hulled :    2    intermediate :    i    naked.      A 


total  of  fifty-nine  progeny  plants  of 
the  variant  multiflorous  forms  was 
grown  in  11)21.  and  300  progeny  plants 
were  grown  from  these  in  1922.  Varia- 
tion in  the  characters  of  the  covered 
kernels  of  the  progeny  plants  has  been 
noticed,  but  as  yet  only  one  case  of 
segregation  of  the  plants  into  either 
the  hulled  or  naked  forms  has  oc- 
curred. The  one  apparent  segregate 
was  an  under-developed  individual  and, 
excejit  that  it  bore  only  naked  kernels, 
closely  resembled  the  other  plants  of 
the    variant    type. 

It  is  difficult  to  explain  the  origin  of 
the  multiflorous  variation  in  Rurt  oats 
on  the  basis  of  natural  crossing,  al- 
though natural  crossing  is  believed  to 
occur  in  oats  to  some  extent.  The 
genetic  behavior  of  this  variation  is 
not  in  agreement  with  the  results  of 
those  who  have  reported  on  crosses  of 
hulled  X  naked  oats.  It  appears, 
therefore,  that  this  intermediate  multi- 
florous variation  may  have  resulted 
from  mutation  rather  than  by  natural 
hvbridization. 
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THE   MULLER   FRUIT   FLY 

More  is  known  about  the  lurcdity  of  these  tiny  flies  than  of  any  oilier  form  of  hfe.  The 
ease  and  ^I'^'it  rapidity  with  which  many  generations  may  be  raised  in  the  laboratory,  and 
the  small  number  of  chronmsomes  found  in  the  divirlin.u;  cells  of  these  flies  makes  them  i(leal 
subjects  for  studyini,'  the  relation  l)etween  the  cell  mechanism,  as  determined  by  cytolo«ists, 
and  the  facts  of  heredity  brought  to  liKht  by  Renetic  experiments.  In  this  ^enus  twelve  dif- 
ferent chromosome  "patterns"  are  found  (see  Figure  2),  and  the  attempt  is  now  beiuR  made 
to  discover  by  genetic  experiments  how  some  of  these  twelve  types  of  chromosomes  arc 
related  to  each  other.  The  individuality  of  the  chromosomes  within  the  species  is  well  proven, 
and  if  homolojjies  can  be  established  between  the  genetic  structure  of  these  carriers  of 
heredity  in  several  distinct  species,  light  will  be  thrown  on  the  evolution  of  the  chromosomes. 
The  photographs  shown  above  are  of  DrosopUihi  muVcri,  greatly  enlarged.  This  species  is 
nearly  identical  in  external  appearance  with  two  others,  rcplcta  and  hydci.  In  fact,  no  dis- 
tinction was  inade  !)etween  the  three  until  it  was  found  tliat  they  would  not  cross.  Their 
chromosomes  proved  to  be  unlike,  and  minor  external  ditferences  were  later  discovered. 
Photographs  by    Robert   t".  Cook.      (  l'rontisi)iece.  > 


CHROMOSOMES  OF  DROSOPHILA 


Chromosome  Relationships  and  Genetic  Behavior  in  the  Genus 

Drosophila:  I.  A  Comparison  of  the  Chromosomes 

of  Different  Species  of  Drosophila 

CiiAKLKS  W.  Mktz  and  Mildrku  S.  ]\1oses 
Caructi'ic   Institution   of   lVashi)ujto}i,   Department   of   Genetics 
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THE    CARRIERS   OF    HEREDITY    IN    DROSOPHILA 

Figure  1.  Photographs  of  chromosome  groups  of  three  species  of 
Drosophila,  magnified  about  1.000  diameters.  The  heavily  stained  bodies 
are  the  chromosomes,  which  in  these  flies  are  arranged  in  pairs  with  al- 
most diagrammatic  precision.  These  minute  objects  play  the  principal  role 
in  inheritance.  The  figures  are  from  ovarian  cells  of  Drosophila  virilis 
(left),  Drosophila  funchris  (middle),  and  Drosophila  ramsdcui  (right). 
The  photographs  were  made  from  our  preparations  by  Professor  E.  B. 
Wilson  and  were  used  by  him  in  the  Croonian  Lecture  of  1914,  but  have 
not  been  published  heretofore.  They  are  reproduced  here  with  his  kind 
permission. 


OWING  to  the  ease  with  which 
many  species  of  Drosophila  may 
l)e  hred  in  the  lahoratory  and  to 
the  fact  that  a  wide  range  of  chromo- 
some groups  is  represented  within  the 
genus,  species  of  this  group  have  come 
to  be  used  extensively  for  comparative 
genetical  studies.  The  purpose  of  such 
studies  is  two- fold.  In  the  first  place 
it  is  desired  to  ascertain  to  what  extent 
different  species  will  give  rise  to  similar 
mutations  and  whether  or  not  similar 
mutant  characters  are  inherited  in  a 
corresponding  manner  in  the  different 
species.  In  the  second  place  it  is  de- 
sired to  analyze  the  genetic  make-up 
of  the  chromosomes  in  different  spe- 
cies by  means  of  linkage  studies,  and 
on  the  basis  of  such  analyses  to  com- 
])are  the  chromosomes  of  the  different 
species  with  respect  to  their  genetic 
composition.  In  this  way  it  may  be 
possible  to  correlate  the  genetic  struc- 
ture, so  to  speak,  of  the  chromosomes, 
with    their    morphological    appearance, 


and  thus  to  learn  something  of  the  evo- 
lution of  the  chromosomes. 

It  is  our  purpose  to  review  in  the 
present  and  a  later  paper  the  results 
obtained  up  to  the  present  time. 
Since  the  selection  of  species  for  genet- 
ical study  has  been  based,  to  a  certain 
extent,  upon  their  chromosomal  rela- 
tions the  latter  may  be  considered  first. 
The  present  paper,  therefore,  deals 
with  the  cytological  evidence,  leaving 
the  genetical  aspects  to  be  considered 
later. 

In  reviewing  the  cytological  data,  all 
of  the  species  of  Drosophila  and  re- 
lated genera,  whose  chromosomes  have 
been  studied,  will  be  included.  These, 
of  course,  represent  only  a  fraction  of 
the  known  species,  especially  in  the 
genus  Drosophila.  The  descrij^tions 
are  taken  in  large  part  from  the  previ- 
ous papers,  but  they  also  include  a 
considerable  amount  of  new  data.  In 
presenting  the  data  an  effort  has  been 
made  so  to  arrange  them  that  thev  will 
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serve  not  only  for  the  present  purpose 
but  also  for  ready  reference  in  the 
future. 

Description     of     Different     Types     of 

Chromosome  Groups  in  the 

Drosophilinae 

The  principal  known  types  of  chrom- 
osome i^roups  in  the  Drosophilinae  have 
been  described  and  figured  in  earlier 
papers,*  2-  3'  *>  5,  but  more  recent  obser- 
vations necessitate  several  corrections 
and  changes,  as  well  as  additions  to 
the  earlier  lists.  It  is  also  possible 
now  to  attach  the  proper  specific  names 
to  some  of  the  species  not  identified 
before,  for  Sturtevant  has  recently 
published  a  full  taxonomic  account  of 
the  group. "t 

The  material  upon  which  cytological 
studies  have  been  made  includes  twenty- 
seven  species  of  Drosophila,  two  of 
Chymomyza.  two  of  Scaptomyza.  one 
of  Alycodroso])hila  and  one  of  Clado- 
chaeta — thirty-three  in  all.  Among 
these  species  thirteen  types  of  chromo- 
some groui)s  have  been  found  as  shown 
diagramatically  in  Figure  2.  .Ml  of 
these  but  one  (type  II  )  are  found 
within  the  genus  Drosophila.  It  should 
l)e  stated  at  the  outset  that  our  cytolog- 
ical knowledge  of  some  of  these  spe- 
cies is  not  extensive,  and  minor  modi- 
fications may  be  found  to  separate  the 
chromosome  groups  of  some  species 
now  ])ut  under  one  type ;  but  we  be- 
lieve  that  in  all  of  the  species  included 
here  the  chromosome  grctups  arc  es- 
sentially as  given. 

The  Di])tcra  are  particularly  favor- 
able for  a  comparative  study  of  this 
kind  because  of  the  fact  that  the 
chromosomes  are  arranged  in  pairs  in 
an  almost  diagrammatic  fashion  in  the 
(li])loid  cells,  somatic  as  well  as  germ- 
inal. In  other  words,  homologous 
chromosomes  tend  to  associate  and  re- 
main    associated     throughout     develop- 


ment. This  association  is  indicated  by 
the  camera  lucida  drawings  published 
in  earlier  papers  (1.  c. )  and  by  the 
fTccompanving  photographs  (Figure 
1  )  .t  The  diagrammatic  rei)resenta- 
tions  in  ['"igures  2  and  4,  therefore, 
are  not  as  highly  schematized  as  might 
be  imagined.  In  most  respects  they  re- 
semble the  actual  figures  seen  under 
the  microscope. 

The  thirteen  types  of  chromosome 
groups  (Figure  2)  are  not  equally  com- 
mon among  the  species  studied,  but  are 
for  the  most  part  represented  by  only 
one  species  each,  with  the  bulk  of  the 
species  falling  under  three  main  ty])es. 
The  distribution  is  indicated  in  the 
following  list. 

List  of  Species  Arranged  According  to 
Chromosome  Resemblance 

In  this  list  the  names  in  ])arenthesis 
are  those  given  in  the  list  ])ublished  in 
1910''  and  subsequently  changed.  We 
are  indebted  to  Dr.  A.  H.  Sturtevant 
for  the  specific  determination  in  most 
cases. 

Type  A 

Drdsnt^hila   husckii  Coq. 

D.  bromcUac  Sturt. 

D.  florae  Sturt. 

D.  viclaiwijastcr  Mcip.     (aiiif'clof'hila)'^ 

D.  nehulosa  Sturt.     (liwhala) 

D.  quhtaria  Locw. 

D.  robusta   Sturt. 

P.  saltans  Sturt. 

D.  siviulaus  Sturt.     (not  in  earlier  list) 

Chymomyza  amocna  Loew.  {Drosophila 
amooia) 

Chyuiomyza  procucmis  Will.  (Drosophila 
procucniis) 

Mycodrosophila  dimidiata  Locw.  (Droso 
phila  dittiidiafa) 

Scaptoitiyca   i/ramittum  Fall. 

Type  B 
D.  carlci  Sturt. 

Type   C 
D.  calloplcra  Schin.     (onialipcntiis) 
Scaptomyza  adusta  Locw. 

Type  D 
/).  ittniiiiiraiis  Sturt.      itripunctata) 


*Vor   Numbered   References,  see   "Literature   Cited"   at   end  of   article. 

fThe  chromosomal  characteristics  are  briefly  reviewed  in  this  also. 

JThe  drawiuRs  in  [-"iRure  :?  of  the  present  paper  are  from  smear  preparations  in  which 
the  cells  have  been  flattened  and  the  chromosomes  disarranged  somewhat,  hence  the  pairing  is 
not  so  obvious. 

§N'ames  in  parenthesis  are  those  given  in  previous  list  (  Metz  '1(^)1,  and  subsequently 
changed. 
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CHROMOSOME  PATTERNS  IN  DROSOPHILA 


Figure  2.  Diagrams  of  the  known  types  of  chromosome  groups  in  the  Drosophilinae. 
All  but  Type  H  are  found  within  the  genus  Drosophila.  XX  indicates  sex-chromosomes. 
Notice  the  similarity  between  Types  A,  B.  and  M.  Types  A  and  M  were  confused  for  a 
time,  as  the  absence  of  the  dot-like  chromosome  may  be  contributed  to  faulty  staining  tech- 
nique. Later  it  was  found  that  the  sex-chromosomes  were  \'-shaped  in  M  instead  of  rod- 
like as  in  A.     The  great  majority  of  species  belong  in  Type  A  or  Type  F. 

Note:     We  are  indebted  to  Miss  E.  M.  Lord  for  making  the  drawings  used  in  this  article. 


Type  E 
D.  mclanica   Sturt. 

Type  F 
D.  card  ill  i  Sturt. 
D.  ramsdcni   Sturt. 
D.  iinillcri  Sturt.     (rcplcta  variety  a) 
D.  similis  Will. 

D.  tripunctata   Loew.    (nwdcsta) 
D.  virilis   Sturt. 

D.  species?    (European,    resembles    D.    ob- 
sciira;  not  in  previous  list) 

Type  G 
D.  funcbris  Fabr. 

Type  H 
Gladochacta  ncbulosa  Coq. 

Type  I 
D.  repleta  Woll.     (replcia  varietv  b). 
D.  hydci  Sturt. 

Type  J 
D.  obscura    Fall.      (Oregon) 

Type  K 
D.  affinis   Sturt. 

Type  L 
D.  caribbca   Sturt. 

Type  M 
D.  zc-illistoni  Sturt.      (pallida) 


The  Sex-Chromosomes 

The  diagrams  in  Figure  2  are  based 
on  the  chromosome  groups  of  the 
females.  The  sex-chromosomes  here 
are  represented  by  the  lowermost  pair 
of  the  group  and  are  "marked  XX 
wherever  they  have  been  identified ; 
but  they  have  not  been  identified  in  all 
cases.  One  reason  for  this  is  that 
some  of  the  species  do  not  exhibit  a 
conspicuous  dimorphism  between  the 
X  and  Y  chromosomes  in  the  male 
(which  is  the  criterion  usually  used 
for  identification).  In  addition  it  is 
usually  more  difficult  to  obtain  figures 
of  the  male  groups  than  of  the  female 
grou])s  in  this  material,  particularly 
from  adult  fiies.  and  consequently  we 
lack  male  figures  of  some  of  the  less 
conmion   or   less   easily   reared   species. 

The  present  section  includes  the 
known  evidence  on  the  sex-chromo- 
somes and  also  a  statement  indicating 
where  the  evidence  is  doubtful  and 
where  it  is  lacking. 
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Sex-Chromosomes    Identified 

In  the  following  species  the  sex- 
chromosomes  have  been  identified  in 
the  manner  indicated : 

Type  A.  Drosophila  mclanogastcr  —  di- 
morphism of  X  and  Y,  and  non-disjunction 
7,   1 ;   X   rod-like,  Y  hook-shaped. 

Type  I.  Drosophila  rcpkta — dimorphism 
of  X  and  Y;  X  long  V-shaped.  Y  only  half 
as  long  and  rod-like." 

Type  J.  Drosophila  obsciira  (Oregon) — X 
and  Y  as  in   D.  rcplcta:' 

Type  K.  Drosophila  affinis — as  above.'^ 
Type  L.  Drosophila  caribhca — as  above.^ 
Type  M.  Drosophila  «'i7/w/r)ni— identified 
bv  means  of  non-disjunction  ;  X  and  Y  both 
long  and  V-shaped  (Lancefield  and  Metz)  ;" 
also  show  aberrant  behavior  in  first  sper- 
matocyte division    (unpublished  data). 

Sex-Chromosomes  Doubtful 

In  a  few  cases  our  slides  show  in- 
dications of  a  sex-chromosome  di- 
morphism, but  we  have  insufficient 
material  to  be  conclusive.  These  cases 
are  as    follows : 

Type  A.  Chymov^yza  amocna.  Scapto- 
luyza  (jramimun.  In  both  of  these  it  is  the 
rod-like  pair  which  appears  in  some  figures 
to  be  dimorphic :  but  in  other  figures  all  of 
the  pairs  appear  to  be  symmetrical,  suggest- 
ing that  the  apparent  dimorphism  in  the 
former  is  accidental. 

Type  C.  Scaptoinvca  adusla.  One  rod- 
like pair  appears  slightly  dimorphic  in  some 
figures,  and  appears  to  be  aberrant  in  be- 
havior in   first  spermatocytes. 

In  the  case  of  Tv]je  F  no  serious 
problem  is  presented,  for  it  seems 
l)ractically  certain  that  the  dot-like 
chromosomes  are  not  the  sex-chromo- 
somes and  hence  any  one  of  the  rod- 
like pairs  may  be  assumed  to  be  the 
sex-chromosomes.  This  is  indicated 
alike  by  cytological  evidence  and  by 
genctical  evidence  in  the  case  of  Dro- 
sophila ririlis   (to  be  considered  later). 

There  remains  only  the  species  in 
which  X  and  Y  have  not  been  identi- 
fied, but  are  known  to  be  similar,  and 
those  f)n  which  there  is  no  evidence. 


Sex-Chromosomes  Apparently  Similar 
in  Male 

Type  A 
D.  husckii 
D.  bromcliae 
D.  rohnsta 
D.  siniulans 

Type  E 
D.  mclanica 

Type  F 
D.  virilis 

D.  species?     (European,    resembles    D.    ob- 
scura) 

Type  G 
D.  funcbris 

Type  M 
D.  zvillistoni   (see  under  first  heading). 

Chromosomes  of  Males  Not  Examined, 
or  Evidence  Not  Satisfactory 

Type  A 
D.  florae 
D.  iiebulosa 
D.  quinaria 
D.  saltans 

Chymomyza   procncmis 
Mycodrosophila   dimidiata 

Type  B 
D.  carlci 

Type  C 
D.  caloptcra* 

Type  D 
D.  iviinigraus 

Type  F 
D.  card  ill  i 
D.  mtillcri 
D.  ravisdciti 
D.  siinilis 
D.  tripuuclala 

Type  H 
Cladochacla    ucbulosa 

Type  I 
/).  hydci. 

In  considering  the  relati<tnships  of 
the  types  outlined  above  it  is  necessary 
to  take  account  of  the  sex-chromosome 
characteristics  wherever  jxissible.  This 
necessity  has  recently  been  brought  out 
in  the  case  of  /).  willistoni,  which  was 
formerly  included  under  Tyi)e  A,t 
where  the  sex-chromosomes  of  the 
species  used  as  a  standard  for  the 
\.\\^  (D.  uicloiwf/astcr)  are  rod-like.    It 


*  In  an  earlier  paper',  this  species  (called  prnatipcnnis)  was  erroneously  said  to  have 
dimorphic  sex-chromosomes. 

tAt  that  time  it  was  not  known  that  ivillistoni  probably  lacked  the  small  dot-like  pair, 
for  only  a  few  figures  had  been  examined  and  the  absence  of  this  pair  was  thought  to  be 
due,  possibly,  to  over  extraction  or  to  displacement.  It  will  Ix"  noted  that  the  willislimi  group 
also  resembles  Type  B,  but  in  the  latter,  one  V-chromosome  pair  is  much  larger  than  the 
other  and  the  types  are  separated  on  this  account. 
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CHROMOSOMES  OF  D.  AFFINIS  AND  AN   UNNAMED   EUROPEAN   SPECIES 

FiGLRE  3.  Camera  lucida  drawings  of  chromosome  groups  from  aceto-carminc  "smear" 
preparations.  Numbers  1  and  2  are  from  an  undescribcd  European  species  of  Drosophila 
very  much  hfe  D.  obscura.  They  are  metaphases  of  spermatogonia!  cells  and  represent 
Type  F.  Numbers  3  to  10  are  from  D.  af finis  (Type  K).  3  to  5  arc  from  spermatogonia! 
cells  and  include  the  full  species  number  of  chromosomes,  arranged  in  pairs.  G  to  10  are 
from  the  second  spermatocytes  (which  develop  into  spermatozoa).  They  include  only  the  hap- 
loid  number  of  chromosomes — one  member  from  each  pair,  fi  to  8  represent  the  X-containing 
(or  female  producing)  class:  9  and  10  represent  the  corresponding  Y-containing  (male  pro- 
ducing )  class.  Each  chrom.osome  has  its  characteristic  shape  and  size.  In  addition  to  the 
small  dot-like  chromosome  (not  lettered)  there  are  the  sex-chromosomes  (X  and  Y),  the 
small  rod-like  chromosomes  (r),  the  small  U-  or  V-shaped  chromosomes  (U),  and  the  J- 
shaped  chromosomes  (J).  In  number  9  there  appear  to  be  two  of  the  small  m-chromosomes 
present,  but  one  of  these  may  be  a  granule  accidentally  carried  into  the  middle  of  the   field. 


wa.s  assumed  that  in  willisfoiii  also  the 
rod-like  pair  was  the  sex-chromosome 
pair,  but  this  is  not  the  case.  By 
means  of  non-disjunction  it  has  been 
shown  that  one  of  the  large  V-shaped 
pairs  is  the  sex-chromosome  pair." 
Consequently  willistoni  has  been  put 
in  a  new  type  (M).  This  suggests 
that  other  species  included  under  Type 
A  may  also  possess  V-sha])ed  sex- 
chromnsomes.  And  it  indicates  that 
in  comparing  types  in  which  the  sex 
chromosomes  are  not  known  it  is  un- 
safe to  assume  a  correspt)ndence  to 
types  in  which  they  are  known  merely 
on  the  basis  of  general  similarities  ])e- 
tween  the  groups. 

Characteristics  of  Individual  Chromo- 
somes 

When  the  individual  chromosomes  of 
the  different  tyi^es  are  coinpared  it  is 
seen   that    for  the  most  part  they    fall 


into  three  main  categories  distinguished 
by  size,  form,  and  behavior.  These 
have  been  described  in  detail  in  earlier 
papers  and  need  only  a  brief  charac- 
terization here,  as  follows : 

1.  The  large  V-sliapcd  chromosomes, 
with  median  constriction  and  median 
spindle  fibre  attachment;  oriented  in 
metajihase  with  the  apex  of  the  V 
toward  the  center  of  the  figure. 

2.  The  rod-like  chromosomes,  ap- 
proximately half  the  length  of  the  V's; 
straight,  without  median  constriction: 
with  terminal  spindle  fiber  attachment 
and  radial  arrangement  in  metaphase. 

:>.  The  ni-chro}iiosomes,  small,  dot- 
like micro-chromosomes,  almost  in- 
\ariably  in  the  center  of  the  field  dur- 
ing metaphase. 

Only  two  of  the  thirteen  types  of 
groups  include  chromosomes  that  do 
not  come  under  the  above  headings. 
These    are    types    E    and    K.      In    E 
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there  appears  to  he  a  very  small  V- 
or  U-shaped  chromosome  pair,  more 
or  less  intermediate  between  the  rod- 
like and  the  large  V-shaped  kinds. 
Only  one  representative  of  this  type 
is  known  (D.  mclanica) ,  hut  we  have 
numerous  good  figures  of  both  male 
and  female  groups,  including  haploid 
(male)  groups,  and  are  able  to  dis- 
tinguish the  small  U-shaped  pair  in 
nearly  every  case. 

In  type  K  two  pairs  are  found  which 
are  intermediate  between  the  V's  and 
the  rods  in  length.  One  has  a  sub- 
terminal  spindle  fibre  attachment  giving 
it  an  S  or  a  hook  shape.  The  other 
has  a  median  or  sub-median  attach- 
ment and  is  much  like  the  small  V- 
or  U-shaped  pair  just  described  in 
D.  mclanica.  In  .some  figures  both  of 
these  pairs  are  somewhat  S-shaped,  and 
were  so  indicated  in  previous  papers. 
But  we  have  recently  put  up  new  mate- 
rial and  have  examined  a  series  of 
figures  which  have  convinced  us  that 
one  pair  is  really  different  from  the 
other.  Some  of  these  figures  are  rej)- 
resented  in  the  accompanying  camera 
lucida  drawings  (Figure  3,  Nos.  ;5-l<)) 
taken  from  spermatogonia  and  second 
spermatcjcytes.  The  letters,  indicate  re- 
spectively the  X  and  Y  (sex)  chromo- 
somes, the  small  rods  (r),  the  small 
U-  or  V-  shajx-d  chromosomes  ( U ) 
and  the  J -shaped  chromosomes  (J). 
Numbers  3.  4  and  o  are  diploid  groups* 
frf)m  spermatogonia.  Numbers  (i,  7 
and  s  are  the  X -containing  haploid 
groups  of  the  second  spermatocytes, 
and  I)  and  10  are  the  corresixinding 
Y-containing  groujjs.  In  Number  !». 
there  api)ear  to  be  two  m-chromosonies 
present,  but  one  of  these  may  be  a 
granule  accidently  carried  into  the  mid- 
dle of  the  field. 

Cases  of  what  appear  to  be  simply 
moflifications  of  the  \"s.  rods  or  M*s 
are    seen    in    types    1>.    (i.    an<l    L.      In 

*  \n  these,  X  and  Y  apiK-ar  to  Ix;  correspoinlinRly  .segmented,  as  indicated  by  the  clear 
hand  across  each.  This  seKmeiUation  is  (Hstinct  from  tlie  constrictif>n  at  the  jxiint  of  spindle 
fibre  attachment  and  its  sifinificance  is  not  known.  It  seldom,  if  ever,  appears  in  the  second 
spermatocyte  figures,  and  is  presumably  evident  in  the  spermatogonia  only  in  smear  prepara- 
tions. ,    I'     . 

t  Perhaps   this   should   be   classed   with   the   U-chromosomes   of    Types    h    and    K,    but    it 

seems  to  be  nearer  the  large  V's  in  size. 


Tvpe  B  one  pair  of  \''s  is  unusually 
long ;  in  Type  G  one  pair  of  rods  is 
unusually  long  and  the  other  four  are 
unusually  short,  while  the  M's  are  ex- 
ceptionally small  (compare  with  Type 
F)  ;  and  in  Type  L  one  pair  of  \''s 
appears  to  be  smaller  than  usual.t 
Otherwise  the  types  are  distinguished 
merely  by  possessing  different  combi- 
nations of  the  three  main  sorts  of 
chromosomes,  except  where  distinctions 
are  based  on  sex-chromosome  differ- 
ences, as  discussed  above. 

Possible  Relationships  Between  Differ- 
ent Types  of  Chromosome  Groups 

One  of  the  most  striking  facts  about 
the  series  of  types  is  that  many  of 
them  show  such  resemblances  to  one 
another  that  in  some  cases  graded 
series  may  be  arranged  between  widely 
divergent  types.  This  suggests  that 
the  relationships  are  not  purely  for- 
tuitous. It  remains  for  genetical  stu- 
dies to  establish  these  relationships,  if 
they  actually  exist,  but  some  of  the 
jjossibilities  suggested  by  the  cytolog- 
ical  findings  may  be  outlined  here. 

These  are  represented  schematically 
in  l-'igure  4.  In  [jresenting  this  .series 
of  diagrams  we  wish  to  emphasize 
the  fact  that  the  arrangement  is  based 
purely  on  the  sujjerficia!  api)earance  of 
types  and  is  not  intended  to  indicate 
relationship  between  the  particular 
species  involved.  I'urthermore,  it 
represents  only  one  of  various  schemes 
that  could  be  employed.  It  is  given 
rather  to  present  the  ])roblem  than  to 
indicate   its   solution. 

In  the  diagrams  the  lowermost  ])air 
of  chromosomes  in  each  group  is  in- 
tended to  represent  the  sex-chromo- 
somes. Tho.se  given  in  solid  black  are 
known  to  be,  or  are  believed  on  good 
evidence  to  he,  the  sex-chromosomes. 
The  heavily  handed  ones  are  merely 
assumcfl  to  be  the  sex-chromosomes  in 
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POSSIBLE   RELATIONSHIP   OF   THE   VARIOUS    CHROMOSOME    GROUPS 

FiciURK  4.  This  chart  is  intended  only  to  show  how  the  various  groups  may  be  arranged 
into  a  graded  scries,  with  the  assumption  of  a  few  comparatively  simple  changes.  These  are 
fusion  of  two  of  the  rod-like  chromosomes  to  form  a  W  or  vice  versa,  the  loss  of  the  m- 
pair.  and  changes  in  the  size  of  other  pairs.  In  order  to  determine  whether  this  or  any  other 
arrangement  represents  the  true  condition,  it  would  be  necessary  to  study  these  relationships 
genetically.  Note  the  similarity  between  the  tnost  common  types  shown  here  at  (j  and  *>.  If 
the  V's  of  number  9  were  broken  into  rods  the  two  types  would  be  alike.  Solid  black 
chromosomes  are  known  to  be,  or  are  believed  on  good  evidence  to  be,  the  sex-chromosomes  ; 
the  heavily  barred  ones  are  considered  to  be  the  sex-chromosomes  in  making  up  the  series, 
but  cytological  evidence  with  regard  to  this  is  lacking.  The  stippled  chromosomes  indicate 
the  types  in  which  genetical  studies  are  now  under  way  that  are  expected  to  throw  light  on 
the  homology  of  the  chromosomes  in  the  various  groups. 


placing  the  types  as  shown.  Some 
types  may  be  put  in  dififerent  places 
in  the  series  according  to  whether  one 
or  another  pair  is  assumed  to  be  the 
sex-chromosome  pair.  This  is  only 
done  in  one  case  here,  however  (dia- 
grams 4  and  15).  Diagram  1  in  this 
figure  represents  the  most  aberrant  type 
thus  far  observed  and  is  included 
merely  for  the  sake  of  comi)leteness. 
It  has  been  found  in  only  one  si)ecies. 
The  other  tyi)es  show  more  resem- 
blances to  one  another  and  may  be 
arranged  in  such  a  way  as  to  make  .suc- 


cessive differences  relatively  slight.  In 
the  arrangement  given  here,  for  ex- 
ample, all  of  the  differences  might  be 
accounted  for  on  the  assumption  of  a 
few  comparatively  simi)le  changes. 
These  would  involve  mainly  the  fusion 
of  rod-like  chromosomes  in  two's,  end 
to  end,  to  form  V's  or.  ficc  versa,  the 
breaking  in  two  of  \  "s  to  form  rods, 
together  with  alterations  in  the  size  of 
individual  pairs  {i)articularly  the  m- 
pair)  and  in  the  form  of  certain  pairs. 
The  series  included  in  diagrams  3.  6, 
5.  S.  !»,  10,  11  and  VI  (duplicate  of  3) 


202 


The  Journal  of  Heredity 


involves  only  the  fusion  of  rods  or 
the  breaking  of  Vs.  except  in  the  steps 
between  5  and  6  and  between  8  and  9, 
where  the  change  from  a  single  rod  to 
a  V  (or  vice  versa)  is  represented. 
The  latter  would  involve  the  doubling 
in  size  of  a  chromosome  or  the  diminu- 
tion of  a  chromosome  by  balf. 

The  steps  involved  in  the  other  parts 
of  the  series  are  evident  from  the 
diagrams.  One  of  them  (10-1(5)  in- 
volves merely  the  disappearance  of 
the  m-pair;  another  (9-14)  the  dis- 
appearance of  this  pair  and  the  increase 
in  size  of  one  of  the  V-pairs.  Dia- 
grams 13  and  1-4  might  equally  well 
be  put  in  other  positions — as  is  true 
also  in  the  case  of  certain  others — but 
this  would  merely  serve  to  complicate 
the  figure. 

From  the  standpoint  of  cbromosome 
evoluticm  several  questions  arise  from  a 
consideration  of  the  above  series.  Fore- 
most, jierhaps,  is  the  question  as  to 
how  far  morphological  criteria  may  be 
relied  upon  as  indications  of  genetic 
bomology  of  chromosomes.  Tbis  bas 
already  been  answered  partially,  as 
noted  above,  by  the  observations  on 
Drosophila  z<.'illistoiii'  which  show  tbat 
in  two  out  of  three  cases,  at  least, 
similar  pairs  are  not  strictly  homolog- 
ous when  this  species  is  compared  with 
I).  Jiielaiiogastcr".  However,  it  is  pos- 
sible. ])erhaps.  to  avoid  the  conclusion 
tbat  would  seem  to  follow  from  this  if. 
as  suggested  above,  we  assume  that  V- 
chromosomes  may  break  in  two  to 
form  rods,  and  rods  may  unite  to  form 
Vs.  On  this  assumption  we  might 
start,  for  example,  with  type  F  and 
make  uj)  types  A  and  M  (the  two  just 
considered)  in  different  ways  depend- 
ing on  what  ])articular  rods  we  com- 
bined to  make  \"s.  The  homologies  of 
the  rods  might  remain,  but  the  result- 
ing Vs  as  units  might  not  be  homo- 
logous. In  this  case  the  actual  rela- 
tions could  only  be  determined  by 
genetical  analysis  of  the  chromosomes. 
This  is  one  of  the  problems  with  which 
the  actual  genetical  studies  are  con- 
cerned. 

If     chromosomes     i)ersist     intact     as 


hypothecated  above  the  most  definite 
relation  between  the  appearance  and 
the  genetical  make-up  should  be  found 
in  the  case  of  the  small  m-chromo- 
somes.  This  pair  of  chromosomes  is 
i:)resent  throughout  almost  the  whole 
series  of  types,  with  surprising  con- 
stancy of  size,  form  and  behavior. 
Morphological  evidence  is  all  in  favor 
of  the  assumption  of  homology  here, 
but  again  it  remains  for  genetical  evi- 
dence to  furnish  the  proof. 

Chromosome  Resemblances  and 
Taxonomic  Relationships 

Another  (juestion  tbat  ]:)resents  it- 
self is:  What  is  the  relation  between 
chromosome  resemblances  and  taxo- 
nomic affinity  of  the  species  involved 
in   this   study  ? 

In  general  it  is  very  difficult  to  de- 
termine the  detailed  ta.xonomic  rela- 
tionships within  the  genus  Drosophila 
— partly  because  of  the  difficulty  of  de- 
ciding upon  the  relative  im])ortance  of 
the  various  diagnostic  characters.  After 
mentioning  a  few  aberrant  forms  (only 
one  of  which  is  included  in  the  present 
paj^er)  Sturtevant"  (p.  TO)  concluded 
respecting  the  bulk  of  the  species: 
"I  have  been  unable  to  even  make  a 
satisfactory  arbitrary  division  of  them 
into  groups." 

In  a  few  cases,  however,  two  or 
three  species  show  such  close  resemb- 
lances as  to  leave  little  question  as  to 
their  taxonomic  affinity,  and  it  is  of 
interest  to  note  the  chromosome  rela- 
tionshii^s  in  these  instances.  One  such 
case  is  that  of  P.  mclaiiogastcr  and  l). 
sitmtliins,  in  which  the  species  arc. al- 
most identical  and  may  be  hybridized". 
I'oth  of  the  si)ecies  belong  to  type  A 
with  respect  to  their  chromosomes.  It 
has  not  been  definitely  established  as 
\et  that  the  rod-like  chromosom:?s  are 
the  sex-chromosomes  in  D.  sinudans, 
but  it  .seems  .safe  to  conclude  tentatively 
that  they  are. 

.\n(»ther  case  of  close  resemblance 
is  that  shown  by  P.  rcplcta  and  IK 
uiuUcri.  Indeed,  stocks  of  these  si>e- 
cies  were  reared  in  the  laboratory  un- 
der  the    same    name    (rcplcta)    until    it 
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CHROMOSOME    DIFFERENCES    IN    SIMILAR    SPECIES 


Fir.iRE  ').  The  chromosomes  of  D.  mullcri 
are  of  the  F  type,  those  of  rcf>lcta  (right) 
are  of  the  I  type,  which  differs  from  "F" 
only  in  having  the  X-chromosomes  large  and 
V-shaped  instead  of  rod-like.  Fxternally  the 
two  species  look  very  much  alike,  and  no 
differences  were  noticed  until  it  was  found 
that  they  did  not  hybridize.  The  close  rela- 
tionship of   the  two  seems  certain. 

was  found  that  they  differed  in  their 
chromosomes  and  that  they  would  not 
hybridize.  Subsequently  they  were  dif- 
ferentiated by  several  external  charac- 
ters also,  but  their  close  relationship 
seems  certain.  One  of  these  species 
{mullcri)  possesses  chromosomes  of 
type  F  (one  of  the  most  common 
types);  the  other  (rcf^lcta)  is  a  rep- 
resentative of  type  I — which  dif- 
fers from  F  in  that  the  X-chromo- 
somes are  long  and  V-shaped  instead 
of  rod-like.  These  relations  are  shown 
in  Figure  5.  Since  the  remainder  of 
the  chromosome  group  appears  to  be 
identical  in  the  two  species  it  might 
be  inferred  that  at  some  time  a  de- 
cided change  has  occurred  in  the  sex- 
chromosomes  without  visibly  aiifecting 
the  autosomes.  If  the  change  were 
from  type  I  to  type  F  it  would  seem 
to  involve  the  loss  of  half  of  the 
X-chromosome.  without  necessarily 
affecting  the  V.  If  it  were  in  the 
opposite  direction  it  would  seem  to  in- 
volve the  doul)ling  of  the  X-chromo- 
some. 

It  is  of  interest  to  note  that  the 
latter  ty]je  of  change  has  actually  been 
observed  in  a  mutant  race  of  Dro- 
sophila  iiicUiiiocjcistcr  (by  L.  V.  Mor- 
gan)." Here  one  rod-like  X-chromo- 
some has  doubled  leaving  the  two 
daughter  elements  connected  end  to  end. 
This  case  may  not  have  any  signifi- 
cance   in    the    present    connection,    for 


I'igure  <).  I),  abscura  has  chromosomes  of 
type  J,  while  a  similar  European  species  has 
chromosomes  of  type  F.  Here  the  differ- 
ences involve  not  only  the  sex  chromo.somes, 
but  at  least  one  pair  of  the  others  as  well, 
for  there  are  only  five  pairs  in  type  J,  and 
six  in  type  F.  These  species  do  not  hybridize 
in  spite  of  their  similarity. 

both  sexes  are  asymmetrical  in  res]:)ect 
to  their  sex-chromosomes  and  half  of 
the  offspring  die  ;  but  it  at  least  demon- 
strates that  chromosomes  may  become 
doubled  and  remain  so. 

A  third  example  of  closely  related 
species  is  furnished  by  an  American 
race  of  Drosophila  obscnra  and  Euro- 
])ean  material  of  a  very  similar  spe- 
cies which  fails  to  hybridize  with  it.* 
Drosophila  ohscura,  as  noted  above,  has 
chromosomes  of  type  J,  while  the 
Euro]^ean  form  falls  under  type  F. 
Its  chromosomes  have  not  heretofore 
been  described,  hence  we  include  two 
camera  lucida  drawings  of  sperma- 
togonial  groups  in  Figure  3  (Nos.  1 
and  2).  In  both  of  these  forms  numer- 
ous good  chromosome  figures  have 
been  obtained  and  we  feel  confident  of 
the  accuracy  of  the  observations.  The 
difference  here  again  involves  the  sex- 
chromosomes,  but  it  also  includes  one 
l)air  of  autosomes,  as  shown  in  Figure 
(i,  for  in  F  there  are  five  pairs  of 
autosomes  and  in  J  only  four.  The 
four  are  duplicated  in  F,  but  an  addi- 
tional rod-like  pair  is  left  over.  When 
only  the  female  groups  are  considered 
it  might  be  imagined  that  the  two  X's 
of  tyi^e  J  rei)resent  the  two  X's  of 
F  with  a  i)air  of  autosomes  attached 
at  their  ends ;  but  when  the  male  fig- 
ures are  reckoned  with,  the  matter  is 
more  complicated  and  involves  either 
the   loss    (actual    or   apparent)    or    the 


*  We  are  indebted  to  Dr.  A.  H.  Sturtevant  for  a  stock  of  the  latter  and   for  information 
about  its  behavior. 
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addition  of  a  chromosome  as  large  as 
the  Y  or  one  of  the  rods. 

It  is  hardly  profitable  to  speculate 
further  on  what  has  happened  in  the 
two  cases  just  cited  until  genetical 
evidence  is  available,  for  as  far  as  we 
can  see,  only  breeding  experiments  will 
lead  to  the  solution  of  the  problem. 

No  experiments  involving  exactly 
this  situation  are  being  carried  out  at 
present,  so  far  as  we  know,  but  there 
are  others  in  progress  which  arc  suffi- 
ciently similar  to  give  promise  of  sug- 
gesting the  answer.  In  Figure  4  cer- 
tain of  the  diagrams  are  emphasized 
by  stippling.  These  are  the  types 
now  involved  in  genetical  studies. 
They    include    two    of    the    types    just 


considered — F  and  J.  And  they  also 
include  types  A  and  M.  which  likewise 
involve  differences  in  the  sex-chromo- 
somes. In  neither  of  these  cases  are 
the  two  species  concerned  very  close 
relatives,  but  if  chromosomal  homo- 
logies can  be  established  in  these  cases, 
as  seems  possible  from  present  indica- 
tions,, the  interpretations  thus  i)rovided 
mav  be  ajjplicable  to  other  cases  as 
wel'l. 

The  above  questions  serve  to  illus- 
trate some  of  the  features  which 
genetical  studies  are  designed  to  clear 
up.  A  more  detailed  discussion  will 
be  given  in  connection  with  the  gen- 
etical data. 
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*  The  Nf)rth  American  Species  of  the  Genus  Drosophila.  Carnegie  Insl.,  Wash.  Puhl. 
301.      1921. 


COLOR  FACTORS  IN  BEAN  HYBRIDS 


Karl  Sax 

Maine  Agricultural  Experiment  Station 

And 

H.  C.  McPhee 

Busscx  Institution  of  Harvard  University 


THE  GP:NETIC  results  of  hean 
breeding  experiments  which  have 
been  carried  on  at  the  Maine 
Agricultural  Experiment  Station  for 
the  past  ten  years  are,  in  most  cases, 
in  accord  with  the  results  of  previous 
investigators.  Pigmentation  of  seed 
coat  is  dependent  on  a  factor  P.  the 
recessive  of  which  results  in  white 
beans.  Mottling  has  been  attributed 
to  two  factors  in  the  same  linkage 
group,  both  of  which  are  necessary  to 
produce  mottling.  Either  mottling  fac- 
tor may  exist  independently  in  uni- 
formly pigmented  beans  and  when 
brought  together  by  such  parents  result 
in  mottled  beans  which  do  not  breed 
true.  However,  some  rather  unusual 
results  have  been  obtained  with  eyed 
beans. 

The  behavior  of  certain  crosses  of 
eyed  beans  is  of  considerable  interest 
in  regard  to  allelomorphic  relationships. 
The  parents  used  are  known  under  the 
rather  local  names  of  Old  Fashioned 
Yellow  Eye  (O.  F.  Y.  E.)  and  Im- 
proved Yellow  Eye  (/.  Y.  E.)  The 
type  of  eye  pattern  of  each  variety 
is  well  illustrated  in  Figure  8.  In 
the  O.  F.  Y.  E.  the  pigmented  area 
covers  about  one-sixth  of  the  surface 
of  the  seed,  while  in  the  /.  Y.  E.  about 
one-fourth  of  the  bean  is  pigmented. 

The  cross  O.  F.  Y.  E.  X  /.  Y.  E. 
results  in  "Piebald"  beans  in  the  first 
generation  which  have  over  twice  as 
much  ])igmented  surface  as  is  found 
in  either  ])arent.  This  type  of  eye 
is  irregular  in  outline  and  is  accom- 
panied by  circular  areas  of  pigment 
on  the  side  of  the  bean  oi)p()site  the 
hilum.  In  the  second  generation  the 
segregation  is  1  O.  F.  Y.  E.:  2  "pie- 
bald": 1  /.  }'.  /:..  indicating  that  only  a 


single  pair  of  allelomorphic  factors  are 
involved.  The  actual  second  generation 
segregates  gave  approximately  1:2:1 
ratios,  but  in  order  to  get  larger  num- 
bers the  second  generation  "piebald" 
beans  were  carried  to  the  third  genera- 
tion. The  behavior  of  these  third 
generation  segregates  is  shown  in 
Table  1. 

Each  second  generation  "piebald" 
segregate  was  planted  separately  and 
in  every  case  their  progeny  in  the  third 
hvbrid  generation  segregated  into  /. 
Y.  E.,  O.  F.  Y.  E..  and  "piebald." 
The  numbers  of  segregates  in  each 
class  is  a  very  good  fit  for  a  1 :2 :1 
ratio  as  indicated  by  the  probable  er- 
rors. The  test  for  goodness  of  fit 
gave  a  value  of  P  =  .8. 

The  "piebald"  character  is  rather  va- 
riable, but  seeds  from  the  same  i)lant 
are  just  as  variable  in  pattern  as  seeds 
from  dift'erent  plants.  In  some  cases 
the  pigment  is  extended  over  almost 
the  entire  bean  so  that  less  than  ten 
per  cent  of  the  seed  coat  is  white. 
In  no  case  did  the  piebald  segregates 
breed  true.  The  eye  pattern  of  the 
eyed  segregates  varied  somewhat  in 
the  second  and  third  generations,  but 
there  was  no  difficulty  in  classing  the 
segregates  as  O.  F.  Y.  E.  or  /.  Y.  E. 
Over  300  such  parental  segregates  were 
planted  and  not  one  failed  to  breed 
true. 

It  is  evident  that  only  a  single  pair 
of  allelomorphic  factors  are  involved 
in  this  cross.  When  these  factors  are 
in  the  heterozygous  condition  the  pig- 
mented area  is  more  than  doubled  as 
compared  with  the  parents  and  the  eye 
pattern  is  not  intermediate  nor  does  it 
resemble  the  pattern  of  either  parent. 
Usually  a  single  pair  of  allelomorphic 
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THE  RESULT  OF  CROSSING   EYED   BEANS   WITH   WHITE 

FigurL-  7.  IIk'  first  gincratii  n  is  dark  mottk-d,  and  in  tlii'  sccund  arc  found  mottk'd, 
solid  colored,  c-ycd,  and  white  beans.  The  fact  that  crossing  two  light  colored  strains  pro- 
duces such  dark  beans  is  accounted  for  by  assuming  that  the  white  parent  carries  an  "i'-x- 
tension  factor"  that  spreads  the  pigment,  confined  in  the  eyed  parent  to  the  region  of  the 
hilum,  over  the  entire  seed.  Two  or  more  extension  factors  may  act  with  different  cr»lors 
of  pigment,  so  that  various  pjitterns,  with  mottled  or  solid  color  backgrounds,  occur.  Photo- 
graph by  C.   H.  White. 


fact(Ji"s  result  in  a  character  intcriivj- 
diate  between  the  parents  or  resem- 
bling one  ]iarent  or  the  other.  In  tliis 
cross  of  the  eyed  iieans  the  factors 
in  a  hetero/.ygfms  con(Htion  not  only 
cause  a  great  increase  in  area  or 
amount  of  jjigmentation  hut  also  cause 
an  entirely  new  e\e  pattern. 

Eyed  and  White  Beans 

Crosses  of  eyed  beans  with  white 
beans  have  given  various  {y\)es  of 
segregation    in    the    second    generation. 


in  the  cro.ss  /.  )'.  /•".  X  White  1333. 
the  first  generation  was  dark  mottled 
and  the  second  generation  gave  a  ratio 
of  -n  mottled:  !»  solid:  i'i  eyed:  Ifi 
white.  When  two  extension  factors 
are  ])resent  one  factor  may  extend  one 
class  of  pigments  while  the  other  ex- 
tends another  pigment,  so  that  we  may 
get  an  eye  i)atlern  on  a  solid  or 
mottled  background.  This  tyi)e  of 
l)attern  is  shown  in  the  last  bean  of 
the  eyed  .series  in  b^igure  7.  Usually 
the   eve    is    vellow   or    black    while   the 


Sax  and  Mel 'lice:  l',ean  Hvl)rids 
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CROSSING  EYED  BEANS 

"n,VK^.n--T  ^-  •'^'l';  "^'''''  P'^'-J-'^^'iio'i^-fi  Vcllow  Eye  X  Improved  Yellow  Kve.  results  in 
piebald  beans  ,n  the  first  hybrid  generation  which  have  over  twice  as  much  pigmented  area 
as  either  parent.  The  second  generation  ratio  is  1  O.  F.  Y.  E  :  2  piebald  ■  1  /  }'  E  The 
two  alellomorphic  factors  for  eye  pattern  when  heterozygous  cause  a  greatlv  increased  ex- 
tention  ot  pigment,  and  an  entirely  new  eye  pattern.     Photograph  by  C    H    White 


background  is  grey  or  light  purple. 
The  e\'e  may  be  very  definite  in  out- 
fine  as  in  the  /.  Y.  E.,  or  it  may 
blend  grackiafiy  into  the  white  or  pig- 
mented  background. 

The  great  variability  of  the  second 
generation  segregates  in  crosses  of 
eyed  with  white  beans  is  shown  in 
Figure  7.  The  color  of  pigment  in- 
cludes black,  brown.  yeUow,  purple,  and 
red  with  a  large  series  of  intermediate 
shades.  Numerous  types  of  mottfing 
are  also  found.  Tlie  mottled  jiattern 
may  consist  of  small  irregular  patches 
on  a  i)igmented  background  or  the 
background  may  be  white.  Often 
several  mutt  ling  patterns  are  super- 
imposed on  one  another.  The  j^atches 
of   pigmented  area   may   be   of    various 


shajies  and  sizes.  In  some  cases  the 
mottfing  pattern  is  associated  with 
sunken  areas  of  the  seed  coat.  The 
uniformly  pigmented  beans  also  show 
great  variability  in  color  of  pigment. 
In  the  second  generation  a  large  series 
of  eye  jjatterns  are  obtained  ranging 
from  individuals  with  more  than  ninety 
per  cent  of  the  seed  coat  pigmented 
to  segregates  which  have  only  a  small 
dot  of  pigment  at  one  end  of  the  hilum. 
In  crosses  of  /  .]'.  E.  X  White  involv- 
ing several  thousand  second  generation 
segregates  the  /.  ]'.  E.  parental  type, 
in  respect  to  size,  pattern,  and  color, 
was  rarely  if  ever  recovered. 

It  is  also  found  that  factors  for  seed 
weight  are  associated  with   factors   for 
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pigmentation,  eye  pattern,  and  exten- 
sion factors.  In  all  crosses  of  large 
eyed  beans  with  small  white  beans  the 
pigmented  segregates  in  the  second 
generation  had  a  greater  average  seed 
weight  than  did  the  white  segregates, 
It   is   estimated   that  about   five   or   six 


size  factors  must  be  involved  in  most 
of  the  crosses  studied.  These  size  fac- 
tors are  independent  in  their  efifect  and 
since  they  are  often  closely  linked  with 
factors  for  qualitative  differences  the 
efifect  of  single  factor  differences  for 
size  can  be  studied. 


Table  1.     Progeny  of  Fj,  "Piebald"  segregates 


Phcnotypc 


Observed 
No. 


Piebald 803 

I.   Y.   E .386 

O.   F.   Y.    E 402 

Totals 1593 


Observed 
Ratio 


2.02 
0.97 
1.01 

4.00 


Theoretical 
Ratio 


Probable 
Error 


1  o.o:i 

1  0.03 
t  0.03 


Back  Numbers  of  the  Journal  of  Heredity  Wanted 


THERE  is  a  continual  demand  for 
back  numbers  of  the  Journal 
OF  Heredity  to  complete  files 
for  binding.  Some  requests  are  for 
one  number,  and  in  other  cases  com- 
plete sets  are  desired.  Many  of  the 
back  numbers  are  carried  in  stock  by 
the  Association,  but  unfortunately  sev- 
eral are  out  of  print.  Members  who 
do  not  bind  their  Journaf-s  are  there- 
fore urged  to  make  any  of  these  miss- 
ing numbers  they  may  have  available  to 
those  who  are  anxious  to  get  them  to 
complete  their  volumes.  We  will  glad- 
ly pay  forty  cents  a  copy  for  any  of 
the  numbers  listed  below,  which  should 


be    mailed    to    Box    35-1    Pennsylvania 
Avenue  Station,  Washington,  D.  C. 

Numbers  wanted: 

Vol.  V,  Nos.  T  •<;.  3,  4,  (!. 

Vol.  VI.  Nos.  1.  4,  5.  (i,  10,  VL 

Vol.  VII,  Nos.  1.  <J.  4. 

Vol.  IX,  Nos.  2,  G. 

Vol.  X.  Nos.  4,  (i. 

Vol.  XI,  Nos.  1.  4. 

Vol.  XII,  No.  f). 

The  Association  will  also  pav  forty 
cents  a  copy  for  the  following  numbers 
of   the    .American    l^.reeders'    Magazine: 

\'ol.  I,  Nos.  1.  ;5. 

\'(.l.    111.  Xos.  2,  ;J.  4. 

\ol.   IV.  Xos.  1.  2,  .3. 


FURTHER  DATA  ON  WEBBED  TOES 


W.  E.  Castle 
Harvard    University 
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WEBBED   TOES   IN    FEMALE    LINE    ONLY 

FiGURK  0.  Considerable  data  have  been  presented  previously  in  the  Journal  ok  Heredity 
on  the  inheritance  of  this  character.  In  one  case  webbed  toes  appeared  only  in  the  male  line, 
in  all  the  rest  of  the  families,  both  sexes  were  affected.  In  this  family  only  the  women  have 
webbed  toes,  suggesting  that  the  character  is  carried  in  the  Y-chromosome. 


THE  INHERITANCE  of  webbed 
toes  has  been  discussed  in  the 
Journal  of  Heredity  by  Hurlin/* 
Schofield.'  Schultz,'  and  Wright'  and 
six  dififerent  pedigrees  bearing  on  the 
matter  have  been  presented.  A  seventh 
pedigree  has  been  sent  in  In-  a  corre- 
spondent who  points  out  that  it  does 
not  accord  with  the  interpretation  of 
Y-chromosome  inheritance  suggested  by 
Schofield's  data."'  In  this,  a  Delaware 
famil}',  the  character  has  been  observed 
in  females  only  and  is  traced  through 
three  generations,  involving  four  in- 
dividuals (See  Figure  9).  It  is  note- 
worthy that  there  were  three  unaffected 
sisters  as  well  as  four  unaffected 
l^rothers  of  the  affected  individual  in 
generation  II.  The  idea  that  the  Y- 
chromosome  may  be  the  vehicle  of 
transmission  of  the  character  suggested 
in  connection  witli  the  Schofield  pedi- 
gree is  clearly  not  applicable  to  this 
familv.  l)ut  this  case  could  be  brought 
into  harmony  with  that  interpretation 
if  we  sui)ix)se  that  in  man.  as  in  certain 


fishes^'  ^'  ^  either  the  X  or  the  Y  chro- 
mosome may  be  the  vehicle  of  trans- 
mission, and  genes  may  cross  over  from 
X  to  Y  or  rice  versa.  In  this  family 
obviously  the  X-chromosome  would  be 
a  suitable  vehicle,  whereas  in  the  Scho- 
field family,  the  Y-chromosome  alone 
would  meet  the  requirements. 

Rut  if  we  extend  the  inquiry  to  other 
pedigrees  reported  by  Hurlin.  Schultz, 
and  \\'^right.  difficulties  are  encountered. 
Considering  together  all  the  seven  ped- 
igrees, sixtv-five  cases  of  transmission 
from  parent  to  child  are  rei:)orted.  The 
transmission  is  from  father  to  son  in 
forty-one  cases,  from  father  to  daugh- 
ter in  seventeen  cases,  from  mother  to 
son  in  three  cases,  and  from  mother 
to  daughter  in  four  cases.  Aside  from 
the  fact  that  the  character  is  more 
often  reported  in  males  than  in  females, 
there  is  no  reason  to  think  that  the 
character  is  either  sex-linked  or  sex- 
limited.  It  is  a  sim]:)ler  hypothesis  to 
su])])<)se  that  the  character  de])ends 
on  the  transnn'ssion  of  a  dominant  gene 


*For  Numbered  References,  see  "Literature  Cited"  at  end  of  article. 
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located  in  one  of  the  ordinary  chromo- 
somes than  to  refer  it  to  a  gene  located 
eitl-.er  in  a  Y  or  an  X-chromosome. 
However,  the  Schofield  genealogy,  if 
correctly  reported,  suggests  very  strong- 
Iv  Y-chromosome  transmission,  since 
the  character  here  passes  from  father 
to  son.  hut  not  from  father  to  daugh- 


ter, nor  through  the  daughter  to  the 
grandsons,  as  in  X-chromosome  trans- 
mission. If  the  Schofield  genealogy 
has  heen  correctly  reported.  I  concur 
in  the  view  expressed  hy  Wright  that 
the  vehicle  of  transmission  is  not  the 
same  there  as  in  the  other  families 
mentioned. 
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World's  Dairy  Congress  To  Meet 


Great  emphasis  will  h-  placed  upon 
the  ])ossil)ility  of  improving  dairy  herds 
and  increasing  milk  ])roduction  hy  the 
careful  selection  of  hreeding  stock  and 
the  gradual  elimination  of  inefficient 
animals  at  the  World's  Dairy  Congress. 
The  sessions  will  he  held  at  Washing- 
ton. D.  C.  on  Octoher  'i  and  3;  at 
Philadelphia.  Pa.,  on  Octoher  4.  and  at 
Svracuse.  X.  Y.,  from  Octoher  5  to  10. 

The  program  is  hcing  designed 
hroadly  for  four  great  groujjs  and  the 
topics  of  discussion  have  heen  arranged 
under  the  headings:  I.  Research  and 
Education;  II,  Industry  and  Econom- 
ics; III,  Regulation  and  Control,  and 
IV,  Xational  Health.  The  chairman 
of  the  Program  Committee  is  Dr.  L. 
.\.  Rogers.  Director.  Research  Lahora- 
torics.  Dairy  Division.  United  States 
Department  of  .\griculture.  Memhcrs 
of  a  Program  Advisory  Committee 
have  heen  a])])ointed  hy  such  national 
organizations  as  the  hrfcders'  associa- 
tions, the  Red  Cross  and  the  .American 
Child    Health    .Association. 

Ahout  ■.'<)()  paiiers  have  heen  ])re- 
])ared.  ahout  half  hy  delegates  from 
other  countries.  Most  of  these  will  he 
l)resented  at  Syracuse,  where  five  .ses- 
sions  will   he   lu'Id   sunultaneouslv  each 


morning.  Two  entn^e  sessions  will  he 
devoted  to  hreeding.  heredity,  efficiency 
and  kindred  toj-'ics.  .\mong  the  papers 
will  he :  "The  \\  isconsin  E.xjjeriment 
in  Crosshreeding."  hy  L.  J.  Cole  ;  "The 
Inheritance  of  Milk  Production  and 
Hutterfat  Percentages,"  hy  J.  W. 
Cjowen  ;  "The  Development  of  the  Dairy 
Shorthorn  in  England."  hy  Major  G. 
j.  lUixton :  "Measures  Found  Effec- 
tive in  Raising  the  Productivity  of 
Danish  Dairy  Cows."  1)\-  Lars  h'reder- 
ikson ;  "Relations  P.etween  Quantity 
and  .Vvailahility  of  Calcium  m  the  Rn 
tion  and  Yield  of  Milk  Cows."  hy  E. 
P).  Meigs;  "Some  As])ects  of  the  Physi- 
ology of  Milk  Glands."  I)\-  Haakon 
Isaachsen.  of  Xorway ;  "The  Relation 
lietween  Nutrition  and  the  Productive 
Inmction."  hy  E.  M.  Evans.  Among 
the  speakers  at  these  and  other  sessions 
will  he:  E.  \'.  McCollum.  of  Johns 
Hopkins  University:  11.  C.  .""^herman. 
of  C  olumhia  University;  L.  i>.  Mendel, 
(»f  Yale  University;  R<)l)ert  Hurri.  of 
Switzerland ;  R.  TU  Leitch.  of  Scot- 
land ;  Willihald  Winkler,  of  .\ustria : 
( )sakar  Iwi.xa,  of  liohemia ;  .\.  .Miya- 
waki.  of  japan  r.nci  Charles  I'orcher, 
of  !•" ranee. 


THE  HUMAN  CONSTITUTION 

A  REVIEW 


AXCIKXT  and  medieval  physi- 
cians were  wont  to  classify 
mankind  according-  to  tempera- 
ment— saniiuine.  melancholic.  lym- 
phatic, phlc.^niatic,  bilious,  and  the 
like.  With  the  proi^ress  of  science, 
these  more  or  less  mystical  categ-ories 
were  abandoned,  and  attention  devoted 
to  the  detailed  characteristics  of  the 
individual. 


median)  it  is  practically  im])ossible  to 
establish  any  standard  constitutitm  for 
the  human  race,  unless  some  arbitrary 
assumptions  are  made. 

Here  the  author  is  obliged  to  admit 
that  "We  will  never  be  able  to  grasp 
in  its  entirety  the  complicated  struc- 
ture of  the  constitution  of  an  organ- 
ism. Only  individual  characteristics, 
simple    traits    of    character-complexes. 


i:^rom  this  pomt  ot  view  it  is  evident     are  accessible."   This  might  be  thou^rht 


that  a  man  is  merely  the  sum  total  of 
all  his  traits  and  characteristics.  Rut 
as  his  characters  are  correlated  with 
each  other  to  some  extent,  it  is  not  in- 
conceivable that  they  might  be  so 
grouped  as  to  justify  the  formation  of 
classes  of  constitution,  replacing  the 
"temperaments"  of  older  writers." 

Tn  the  United  States,  little  attention 
has  been  ])aid  to  the  constitution,  in 
this  sense  of  the  word,  but  during  the 
last  decade  or  two  it  has  had  a  num- 
ber of  energetic  students  in  Euroi)e — 
Germany  even  has  a  Zcitschrift  fiicr 
Konstitiitions-Lchrc  (Journal  of  the 
Constitution).  Numerous  books  have 
been  written  on  the  subject,  and  one' 
of  the  latest  of  the.se,  by  Hans  Gun- 
ther.  furnishes  a  convenient  oppor- 
tunity to  examine  the  ideas  on  which 
this   study   is   based. 

In  the  author's  definition,  the  con- 
stitution is  "the  organization  of  the 
sum  of  the  inner  factors  that  make  up 
a  living  organi.sm"  This,  as  the  au- 
thor admits,  is  abstract  enough ;  it 
might  lead  to  nothing  more  than  a 
study  of  genetics,  and  the  author,  in 
fact,  proceeds  to  discuss  heredity  and 
variation  along  conventional  "  lines. 
He  then  describes  the  "norm,"  but  as 
there  are  three  different  and  equally 
valid    norms     (the    mean,    mode    and 


to  dispose  of  the  need  of  any  further 
study  of  the  con.stitution  as  .such.  In- 
stead. Dr.  Gunther  introduces  a  whole 
dock  of  "i)artial  constitutions."  In 
addition  to  the  individual  constitution 
there  is  the  familial  constitution,  that 
of  the  local  race,  the  race,  and  the 
species ;  on  the  other  hand,  there  is  the 
psychic  constitution,  the  professional 
constitution,  the  clinical-sematic  type, 
and  so  on.  Again,  the  masculine  con- 
stitution must  be  differentiated  from 
the  feminine;  the  latter,  according  to 
Aschner,  is  distinguished  by  the  "fol- 
lowing characteristics : 

"1.  Less  tension  of  the  ligaments 
(hence  enteroptosis  is  found  as  an 
anomoly  in  at  least  30%  of  all  women. 

"2.  Greater  resemblance  to  the  char- 
acter of  the  child  and  g-reater  tendency 
to  infantilism. 

"3.  Greater  irritability  of  the  nerv- 
ous system  (tendency  to  hysteria  and 
sensitivi.sm.  more  intense  and  wide- 
spread erogenous  zones). 

"4.  Quicker  and  richer  production 
of  blood  and  other  fluids  (tendency  to 
congestion)." 

Another  classification,  all  too  remi- 
niscent of  the  "temperaments"  of  Hip- 
pocrates and  Galen,  is  that  of  Sigaud 
and  the  French  school,  based  on  bodily 
form,  which  divides  mankind  into  four 


'Die  Unmdhujcn  dcr  Biologischcn  Konstitufwnslchrc.  by  Dr.  H.\xs  Guxther 
dozent  tur  mncrcMcd.zin  an  der  Univcrsitat  Leipzig.  Pp.  i.-?6.  22  illustrations." 
^.b.>.     Leipzig.     Verlag  von  Gcorg  Thieme.  1922. 
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types — the  cerebral,  respiratory,  mus- 
cular and  digestive.  These  are  said  to 
be  hereditary,  and  so  constant  that 
they  are  distinguishable  even  among 
nurslings.  Naturally.  intermediate 
forms  are  also  to  be  found ;  cerebro- 
muscular,  and  so  on.  It  has  been 
stated  that  the  French  military  au- 
thorities make  use  of  this  classification 
for  some  purpose. 

Numerous  other  classifications  are 
proposed;  the  hypothenic  (asthenic) 
contrasted  with  the  hypersthenic,  for 
example,  and  perhaps  a  dozen  others 
of  similar  style  and,  it  would  seem, 
similar   limitations. 

Several  chai)ters  are  devoted  to  dis- 
eases and  abnormalities,  and  much  in- 
formation about  human  heredity  is  in- 
troduced ;  indeed,  the  somewhat  bald 
outline  of  this  review  does  not  ade- 
quately suggest  the  large  amount  of 
information  that  Dr.  Gunther  has 
packed  into  his  scheme.  Several  nov- 
elties are  brought  in  ;  thus  the  author 
holds  that  when  a  recessive  character 
(albinism,  for  instance)  appears  in  a 
pedigree,  the  cases  are  not  distributed 
haj)hazard  but  are  governed  by  a 
rhythm  which  will  result  in,  let  us  say, 
every  third  child  being  affected.  This 
is  inherentl\-  improbable,  and  would  re- 


cjuire   more  abundant    proof   than   Dr. 
Gunther  gives. 

A  bibliography  of  nearly  a  hundred 
titles  shows  that  the  study  of  the  con- 
stitution does  not  lack  exponents  in 
modern  Germany.  Dr.  Gunther's  book, 
despite  numerous  points  of  excellence, 
does  not  seem  to  the  reviewer  to  jus- 
tify such  a  study.  So  far  as  theory 
is  concerned,  the  attempt  to  embrace 
all  human  traits  in  a  given  constitution 
is  likely  to  lead  only  to  confusion  and 
mysticism.  And  in  practice  the  first 
thing  that  is  done  is  to  forget  about 
the  constitution  and  deal  directly  with 
the  individual  traits.  To  establish 
enough  correlations  among  these  traits 
to  justify  dealing  with  constitutions 
would  require  (assuming  that  it  is  pos- 
sible at  all)  exhaustive  statistical 
work,  which  has  not  yet  been  done. 
Much  of  the  trustworthy  research  in 
this  field  has  been  unfavorable — the 
correlations  expected  on  the  basis  of 
pojmlar  beliefs  were  found  to  be  ab- 
sent. To  take  a  simple  exanijile.  it 
has  been  shown  that  there  is  not  a 
close  relation  between  high  intelligence 
and  large  skulls.  At  present  the  "Kon- 
stitutionslehre"  appears,  at  the  very 
best,  to  be  well  ahead  of  its  time. 
Paul  Popexoe. 


The  Care  of  the  Child 


Heredity  .\ni)  Giiii.d  Culture,  by 
Henry  I^vvi<;iit  Chapin,  M.  D.. 
with  a  foreward  by  Professor  Henry 
F"airfield  Osborn.  Pp.  "^li>.  Price 
$'2.50.  New  York.  E.  V.  Dutton  cS: 
Co.     V.)22. 

To  trace,  in  a  practical  handbook  for 
parents,  the  outlines  of  genetics  and 
their  relations  to  the  training  (tf  the 
child,  is  a  task  well  worth  while.  Dr. 
Chapin  has  undertaken  it.  but  is  not 
qualified  to  succeed  in  it  because  of  lack 
of    knowledge    and    lack    of    symj^athy 


with  eugenics.  Having  .set  out  to  deal 
with  heredity,  he  naturally  has  to  drag 
the  subject  in.  and  in  a  few  early 
cha])ters  gives  an  undigested  mass  of 
(|uotations,  some  facts,  and  some  mis- 
statements of  fact ;  but  by  the  time  he 
reaches  his  last  chapter,  on  the  ado])- 
tion  of  children,  he  has  ai)parently  for- 
gotten all  he  ever  knew  about  heredity. 
The  bulk  of  the  book  is  made  up  of 
the  kind  of  material  on  the  care  of 
children,  which  ai)pears  in  all  father 
handbooks   for  jjarents.  P.   P. 


SELECTION  IN  BROOM  CORN; 

J.  B.  Park 
Ohio  State  University,  Columbus. 


THE  market  value  of  broom  corn 
is  greatly  influenced  by  the 
quality  of  the  brush.  Good 
heads  should  have  long,  slender,  round 
fiber  and  be  as  free  as  possible  from 
crooked,  twisted,  and  kinky  brush  and 
from  central  stem.  Brush  having  these 
undesirable  characteristics  is  sorted  out 
and  sells  at  a  very  low  price.  Every 
crop  contains  a  greater  or  less  amount 
of  this  low  grade  product. 

I  he  opinion  is  common  among 
growers  that  quality  in  broom  corn  is 
entirely  controlled  by  seasonal  condi- 
tions and  that  the  kind  of  seed  planted 
makes  very  little  difference.  Accord- 
ingly many  growers  use  the  most  care- 
less methods  of  securing  seed,  some 
even  using  seed  from  the  broom  corn 
thrasher  where  all  kinds  and  qualities 
of  brush  are  thrashed  and  the  seed 
mixed. 

The  literature  of  broom  corn  im- 
provement is  meager  indeed.  Rothgeb^ 
working  in  Oklahoma,  found  that  vari- 
eties dift'er  in  productiveness,  and  that 
the  differences  are  most  pronounced  in 
unfavorable  seasons.  He  states  that 
seed  from  commercial  sources  is  likely 
to  be  of  poor  quality  and  he  believes 
that  strains  which  produce  a  more  uni- 
form quality  of  brush  can  be  developed 
by  selection  of  desirable  seed  heads. 
He  states  further  that  environing  con- 
ditions influence  the  length  and  quality 
of  the  brush,  thick  stands  tending  to 
produce  short  brush  and  thin  stands 
long  coarse  brush. 

Central  stem  is  illustrated  in  Figure 
11.  It  is  an  extension  f)f  the  rachis. 
varying  greatly  in  length  and  thickness. 


Some  stemmy  heads  are  entirely  worth- 
less. From  others  the  stem  may  be 
broken  out  by  the  broom-maker  leaving 
the  rest  of  the  head  of  fairly  good 
(luality,  but  this  involves  labor  and 
waste  of  material.  If  a  strain  could 
be  produced  which  contained  no  central 
stem  or  a  smaller  proportion  of  it,  the 
cash  value  of  the  crop  would  be  greatly 
increased. 

The  experiment  reported  in  the  pres- 
ent paper  was  undertaken  to  show 
whether  or  not  central  stem  is  an  in- 
herited character  and  whether  it  can  be 
reduced  in  amount  or  possibly  elimi- 
nated by  selection.  Work  was  begun 
in  1 91 7  by  planting  about  one-tenth 
acre  to  the  variety  Longbush  Evergreen 
from  seed  bought  of  an  eastern  seeds- 
man. In  the  fall,  105  heads  of  good 
quality  were  selected  from  the  crop 
and  these  were  planted  in  the  spring  of 
1 91 8  in  head-rows  about  thirty  feet 
long.  In  the  fall  of  1918  a  few  of  the 
best  quality  rows  and  some  other  typi- 
cal ones  were  chosen,  the  brush  was 
harvested  and  statistical  measurements 
recorded  for  length  of  brush,  degree  of 
fineness,  amount  of  kinky  brush,  and 
of  central  stem. 

These  first  head-row  populations, 
grown  from  open  pollinated  seed, 
showed  in  many  cases  a  decided  family 
resemblance  within  the  head- row  and 
consjiicuous  differences  between  rows. 
See  Table  i. 

For  example,  strain  56  is  character- 
ized by  a  moderately  fine  fiber.  Strain 
4(i  has  short  brush  with  a  high  jier- 
centage  of  the  heads  containing  central 
stems. 


^  Contribution  from  the  Department  of  Farm  Crops,  Ohio  State  University,  Columbus,  O. 
The  author  desires  to  acknowledge  tlie  assistance  of  Messrs.  L.  E.  Th.\tchkr.  D.  N. 
LuTz  and  H.  L.  Borst,  who  successively  have  been  associated  with  him  in  this  work. 

-RoTHGEB,  B.  E.  Broom  Corn  Experiments  at  Woodward.  Okla.  U.  S.  D.  A.  Bui., 
836.     1920. 
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RESULTS  OF  FIVE  YEARS  OF  SELECTION 

Figure  10.  On  the  left  is  shown  the  yearly  variation  in  percentage  of  central  stem  in 
four  selections  of  broom  corn,  compared  for  the  last  three  years  with  two  commercial 
varieties,  Longbrush  Evergreen  ( L.  E. )  and  California  Longbrush  (C.  L.)  On  the  right  is 
shown  the  variation  in  length  of  stem  in  the  same  varieties.  Yearly  variation  in  seasonal 
conditions  generally  affects  all  varieties  similarly,  but  in  1922  the  amount  of  central  stem 
increased  considerably  in  the  commercial  varieties,  and  decreased  in  the  selections.  The 
reasons  for  this  are  discussed  on  page  21'). 


The  degree  of  uniformity  within  a 
head-rt)w,  on  the  whole  was  decidedly 
greater  than  u.sually  occurs  in  ear-rows 
of  maize,  except  after  inhreeding,  indi- 
cating that  a  considerable  am;)unt  of 
self  i)()lIination  occurs  naturally  in 
liroom  com  as  no  bagging  of  heads  wa^ 
done  the  first  year.  Beginning  with 
1 91 9,  some  heads  have  been  bagged 
each  year  and  a  full  setting  of  seed 
has  always  resulted,  showing  the  exis- 
tence of  coriii)lete  self-fertility.  In 
most  cases  selfevd  seed  from  bagged 
heads  has  been  i)lanted,  but  some  open 
pollinated  heads  were  used  when  a  sat- 
isfactory number  of  good  quaHty 
bagged  heads  were  not  available. 

Since  191 8  selection  has  been  con- 
tinued within  a  few  of  the  better 
strains,  first  for  freedom  from  central 
stem  and  after  that  for  good  length  aufl 
fineness  of  fiber.  In  1920.  and  each 
year  since  then.  Longbush  Evergreen 
and  another  variety,  California  Long- 
brush,  both  secured  from  a  commercial 
seedsn;an.  have  been  grown  in  compari- 
son with  the  selections.  Ihe  two 
varieties  have  been  propagated  bv  com 
])ositing  seed  from  a  random  sample  of 
the  marketable  brush,  rejecting  the  bad- 
Iv  twisted  and  worthless  stemmv  heads. 


but  including  the  l)ett("r  grade  of  stem- 
mv ones. 

Of  the  original  105  iieads  planted  in 
1 91 8  the  number  represented  by  prog- 
eny has  rai)idly  decreased  in  successive 
years,  due  to  the  dropping  out  of  in- 
ferior strains,  until  in  1921  only  three 
remained  of  the  good  quality  strains, 
ihe  performance  of  four  strains 
through  five  generations  is  shown 
grai)hicall\    in    I'igiu'e    10. 

The  values  in  the  graphs  are  yearly 
averages  of  several  head  rows  repre- 
senting four  of  the  original  strains, 
each  average  involving  from  100  to 
1 ,000  i)lants. 

Environmental  Influence 

That  seasonal  conditions  ha\e  a  i)ro- 
nounced  effect  on  the  amount  of  central 
stem  and  ujjon  length  of  brush  is  evi- 
dent from  a  study  of  the  graphs.  The 
\alues  fluctuate  widely  from  one  year 
to  another  but  the  relative  jxisitions  of 
the  strains  are  fairly  well  maintained 
and  all  the  strains  and  varieties  show 
about  the  same  kind  and  degree  of 
response  to  seasonal  influences. 

The  year  1920  was  a  very  favorai)le 
cro))  season  at  Columbus,  yields  of 
small    grains   and    nf   corn    being   high. 


I*ark:  Selcclinn  in  IJrooni  Corn 
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"CENTRAL  STEM"  IN  BROOM  CORN 

Figure  11.  On  the  left  are  shown  three  heads  havin.t>  the  undesirable  character,  central 
stem.  On  the  right  are  two  stemless  heads.  Central  stem  greatly  reduces  the  value  of  the 
crop  because  "Stemmy"  heads  are  of  small  value  in  making  brooms.  The  fact  that  seasonal 
conditions  cause  the  amount  of  central  stem  to  vary  from  year  to  year  has  led  growers  to 
believe  that  the  kind  of  seed  used  made  no  dififerencc.  The  present  investigation  shows  that 
this  is  by  no  means  true.  It  is  quite  possible  to  select  strains  that  produce  only  a  relatively 
small  number  of  "stemmy"  heads  even  in  unfavorable  years.  As  yet  no  strain  has  been 
isolated  that  is  entirelv   free   from  this  undesirable  character. 


The  season  of  1921  was  a  poor  one 
for  all  grain  crops,  because  of  drought. 
The  folU)wing  year  was  slightly  more 
favorable.  Apparently  conditions  which 
favor  long  brush  also  produce  a  low 
])ercentage  of  stem  and  vice  versa, 
though  it  is  not  easy  to  see  just  what 
elements  in  the  environment  produce 
the   effect. 

.An    exception    to    the    uniformity    of 
the  seasonal  rise  and  fall  of  the  curves 


in  Figure  10  occurs  in  1922  when  all  the 
selections  show  a  low  per  cent  of  stem, 
hut  the  two  commercial  varieties  show 
unusually  high  percentages.  Also  the 
correlation  of  low  ])ercentage  of  stem 
with  long  brush  which  prevails  else- 
where is  reversed  in  this  case.  This 
nt)nconformity  of  the  1922  crop  is  diflfi- 
cult  to  interjiret.  Does  the  small 
amount  of  stem  indicate  ])rogi"ess  in  the 
selection    towards    its    elimination,    uni- 
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formly  effective  in  all  three  strains,  or 
is  the  low  stem  content  due  to  the  sea- 
son? Evidence  that  the  summer  of 
1922  favored  lov^^  stem  content  was 
obtained  accidentally,  and  is  presented 
herewith. 

In  1922,  because  of  severe  damage 
to  the  selected  seed-heads  by  birds  and 
insects,  it  was  deemed  wise  to  plant 
some  seed  from  the  1920  crop  to  insure 
continuation  of  the  strains.  This  seed 
came  from  remnants  saved  from  the 
previous  year's  planting  and  from  some 
second-choice  heads  that  had  been  saved 
over,  all  of  which  were  free  from  cen- 
tral stem.  1  he  data  secured  from  this 
i:)lanting  show  that  the  two-year-old 
seed  of  the  three  selected  strains  when 
]iianted  in  1922  produced  a  crop  con- 
taining I  I.I  per  cent  of  central  stem, 
whereas  essentially  the  same  seed 
])lanted  the  previous  year  had  produced 
22.4  per  cent  of  stem.  This  shows  that 
the  season  of  1922  favored  low  stem 
content.  ( .n  the  other  hand,  the  sharp 
rise  of  stem  percentage  in  the  two  com- 
mercial varieties  in  1922  indicates  a 
"stemmy  season."  No  attempt  is  made 
to  reconcile  the  two  sets  of  facts,  unless 
the  method  of  secvuMug  seed  of  the 
two  commercial  varieties  for  planting 
the  1922  crop  was  unwittingly  a  selec- 
tion   for   stem. 

.\t  any  rate  there  can  be  no  dimbt 
that  the  changed  environment  in  differ- 
ent seasons  has  an  imjjortant  influence 
t)n  both  jiercentage  of  stem  and  length 
of  brush,  and  it  is  not  sur])rising  that 
many  growers  should  conclude  that 
(|uality  is  entirely  controlled  by  the 
.season,  ^'et  one  only  neerls  to  study 
the  gra])hs,  or  better  still  to  see  the 
quality  of  the  crops  produced  year  after 
\ear  l)y  some  of  the  selections  in  com- 
parison with  the  commercial  varieties, 
to  be  convinced  that  heredity  also  is  an 
imjiortant  factor  in  determining  the 
character  of  the  crop   (see   I-'igure   ]'i). 

Genetic  Factors 

l-'roni  the  graphs  it  is  evident  that  the 
three  strains,  15,  26  and  sf),  isolated  in 
1917  and  subjected  ti»  continuous  selec- 


tion for  low  percentage  of  stem,  have 
maintained  their  individuality  through 
hve  generations.  No  convincing  evi- 
dence appears  that  these  strains,  after 
five  years  of  intensive  selection  for  low 
stem,  have  been  changed  genetically  in 
any  respect.  During  this  time  not  a 
single  head  of  these  strains  containing 
a  central  stem  has  been  used  for  seed. 
And  yet,  so  far  as  we  can  see  through 
the  fog  of  seasonal  influence,  they 
seem  to  have  kept,  practically  im- 
changed,  their  original  tendencies  to 
l^roduce  similar  relative  amounts  of 
central   stem  and   lengths  of   fiber. 

The  only  opportunity  for  making  a 
direct  comparison  between  two  genera- 
tions with  environmental  influence 
largely  eliminated  was  the  accidental 
one  discussed  above,  when  seed  from 
the  crop  of  1920  was  i)lanted  in  1922 
to  eke  out  the  seed  raised  in  1921.  The 
crop  produced  by  seed  of  the  older 
generation  contained  ii.i  per  cent  of 
stem  and  that  of  the  younger  contained 
~.i  per  cent.  The  significance  of  this 
difl'erence  is  doubtful,  although  it  may 
indicate  some  slight  effect  of  selection. 

The  behavior  of  the  strains  as  a 
whole  strongly  suggests  that  they  are 
nearly  pure  lines.  It  is  true  there 
have  been  apparently  good  opportuni- 
ties for  selection  to  oi)erate,  as  the  dif- 
ferent head-rows  representing  each 
strain  have  varied  rather  widely  at 
times  and  only  the  strains  which 
showed  a  low  stem  content  were  con- 
tinued. Would  these  strains  have  re- 
mained at  a  relati\ely  low  level  of 
stem  i)ro(luction  if  continued  selection 
had  not  been  ])racticcd?  (  hir  most  di- 
rect answer  comes  from  the  behavior  of 
the  two  commercial  varieties  which  rep- 
re.sent  conditions  of  non.selection.  They 
apparently  have  remained  fairly  con- 
stant genetically,  although  they  are 
evidently  made  u])  of  an  admi.xture  of 
strains. 

In  1918  strain  4  had  a  relatively  high 
>tem  content,  but  as  it  was  desirable  in 
other  rcsjjects,  stcmlcss  heads  were 
selected  for  planting.  In  191 9  two 
head- rows  produced   resj)ectively   forty- 
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PROGRESS  IN  THE  IMPROVEMENT  OF  BROOM  CORN 

Figure  12.  This  shows  what  has  been  accomphslicd  in  five  years  of  selection.  Charac- 
teristic heads  of  the  parent  strain,  and  of  strain  .j(>,  selected  from  it,  are  shown.  In  1922  the 
former  had  over  six  times  as  many  heads  containing  central  stem  as  the  latter.  The  fibre 
of  the  selection  is  also  finer,  more  uniform,  and  longer  than  that  of  Longbrush  Evergreen 
grown  under  similar  conditions. 
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nine  and  fifty-one  per  cent  of  central 
stem,  which  was  taken  to  he  suf^cient 
evidence  that  this  was  a  high  percentage 
stem  producer.  It  was  then  decided  to 
try  selection  in  the  opposite  direction 
by  choosing  seed  heads  which  contained 
large  central  stems.  The  season  of 
1920  was  a  "stemmy  season,"  as  ob- 
served above,  and  these  stemmy  heads 
produced  a  crop  that  had  ninety-six 
]ier  cent  of  stem.  The  next  year's 
crop  contained  fifty-nine  per  cent.  A 
similar  selection  for  stem  had  been 
started  a  year  earlier  in  strain  45  and 
it  i)roduced  fifty-seven  and  eighty-three 
per  cent  of  stem  in  the  years  1919  and 
1920  respectively.  All  progeny  of 
original  plant  No.  4  have  shown  a  ten- 
dencv  toward  high  per  cent  of  stem. 
Strain  45.  however,  produced  some 
substrains  that  were  fairly  low  in  stem 
and  others  that  were  high,  indicating 
that  it  was  heterozygous  for  stem  con- 
tent, while  strain  4  seemed  to  be  rela- 
tively homozygous. 

It'  seems,  therefore,  that  the  open 
])()llinated  heads  selected  in  1917  were 
largely  homozygous.  Subsecju^nt  head- 
row  cultures  made  j^ossible  the  sorting 
out  of  those  which  were  most  nearly 
homozvgous  for  low  stem  content,  and 
at  the  same  time  of  desirable  quality 
in  other  respects. 

The  concei)tion  of  the  1)room  corn 
croj)  gained  from  this  exj^eriment  is 
that  for  breeding  purposes  it  should  be 
classed  between  the  self -fertilized  crops 
and  the  o])en-pollinated  ones.  I  Prac- 
tical breeding,  then,  would  begin  as 
usual  with  a  study  of  available  types 
and  varieties.  Vvom  tliL'  best  varieties 
a  considerable  number  of  desirable 
heads  would  be  selected  and  given  a 
l)rogeny  test  in  head-rows.  After  one 
or  two  years  in  head-row  tests  the 
better  strains  could  be  composited  and 
increased  ;  or  a  single  strain  might  be 
increased  for  commercial  planting,  liag- 
ging  of  heads  is  easily  done  and  is 
])robably  worth  while  to  insure  self- 
]>ollination.      There   is   no  api)arcnt   re- 


duction in  vigor  due  to  selfing,  which 
is  to  be  expected  since  it  is  shown  that 
a  large  amount  of  natural  selfing  oc- 
curs. Mass  selection  without  a  progeny 
test  in  head-rows  would  accomplish 
little,  or  at  best  would  make  but  slow 
progress  in  broom  corn,  for  it  has  been 
shown  that  many  good  quality  heads 
])roduce  a  mediocre  or  low-grade  prog- 
eny. The  head-row  test  detects  these 
and  makes  it  possible  to  distinguish 
between  strains  whose  parents  looked 
alike  but  were  genetically  dififerent,  as 
proved  by  their  offspring. 

It  seems  to  be  clear  that  central  stem 
in  broom  corn  is  an  inherited  character, 
for  different  strains  i)roduce  it  in  dif- 
fering amounts;  yet  none  has  been 
found  that  produces  a  progeny  free 
from  this  undesirable  feature.  Possibly 
multiple  factors  are  concerned ;  in 
which  case  crossing  of  strains  with  low 
])ercentage  of  stems,  followed  by  obser- 
vation of  numerous  head-rows,  should 
discover  the  desired  stemless  individ- 
uals. 

That  production  of  central  stem  is 
closely  tied  up  with  the  i)hysiological 
condition  of  the  plant  is  indicated  l)y 
our  observations.  When  for  any  reason 
the  head  fails  to  emerge  from  the  leaf 
sheath,  or  is  retarded  in  its  development 
by  accident,  a  branch  usually  starts 
from  one  or  nmre  nodes  of  the  stalk. 
These  branches  usually  attain  a  length 
of  several  feet  and  produce  a  small, 
worthless  brush  that  invariably  has  a 
central  stem.  .*~^tcm  is  always  present 
in  these  branch  heads,  even  on  plants 
of  which  the  partially  develoi)ed  main 
head  was  free  from  central  stem.  It 
may  be  that  the  forces  which  cause  or 
allow  stem  to  be  produi'ed  in  the  heads 
of  these  branches  are  the  saiViC  as  those 
involved  in  the  seasonal  effects  noted 
above.  Hut  further  exi)eriment  would 
be  required  to  make  this  iM)int  clear. 

'The  method  mentioned  above  of 
eliminating  seasonal  influence  by  grow- 
ing two  or  more  generations  in  the 
same   .season    ap])eals   to   the    writer   as 
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being  an  important  aid  in  many  plant 
breeding  experiments  where  seasonal 
influences  obscure  the  effect  of  genetic 
factors.  Of  course,  the  idea  is  old. 
and  has  been  used  many  times,  but  the 
method  deserves  wider  recognition  and 
more  general  use.  It  is  best  ada;)ted 
to  experiments  with  those  plants  that 
produce  an  abundanc^  of  seed  which 
is  viable  over  a  ])eriod  of  years.  With 
several  generations  of  a  selection  exper- 
iment all  growing  side  by  side,  progress 
could  be  measured  with  much  greater 
accuracy  than  by  comparing  generations 
of  plants  which  were  grown  in  different 
seasons. 


I  AHi.K  I.  'J  he  avcraye  values  for  certain 
characters  in  typical  head-rozc  popula- 
tions of  broom  corn,  1918. 


Average 

Percentage  of 

No.  of 

length.  Cm. 

central  stem 
130 

plants 

30 

48.7 

69 

50 

53.6 

22.7 

lOI 

15 

5^-9 

5-9 

84 

lOJ 

49.8 

16.0 

74 

36 

60.4 

20.2 

89 

2 

5^.o 

17-3 

69 

4 

52.6 

29.4 

73 

45 

46.3 

157 

70 

H4 

531 

20.9 

62 

16 

56.2 

21.3 

75 

46 

42.8 

36.6 

60 

7 

50.9 

188 

69 

3 

49-3 

252 

91 

103 

49-5 

17-7 

62 

86 

49-5 

39-7 
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The  Protection  of  the  Germ  Plasm 


KEntRSFUERSOUGE :  Entstehung  und 
\"erhuetung"  der  Schwangerschafts- 
stoerungen.  by  Dr.  Alfred  Greil. 
Insbruck.  Pp.  27.  Price,  16  cents. 
Leipsig,  Verlag  von  Curt  Kabitzsch. 
1923.  ' 

That  the  child's  future  is  largely 
influenced  by  the  conditions  surround- 
ing the  embyro.  and  particularly  by 
the  presence  of  various  bodily  poisons 
in  the  mother's  blood,  is  Dr.  Greil's 
thesis.  This  pro])osition  is  expounded 
in  a  detailed  and  sometimes  startling 
way ;  but  the  treatment  is  dogmatic 
(perha])s  necessarily  so  because  of  the 
brevity  of  the  paper),  and  the  reader 
is  given  no  idea  of  the  evidence  be- 
hind many  interesting  statements.  Dr. 
Greil  holds  that  the  gametes  deterior- 


ate rai)idly  after  separation  from  their 
place  of  origin,  hence  the  im;)ortance 
that  zygosis  should  occur  promptlv. 
Thereafter,  the  most  important  fea- 
ture of  his  ])rograni  seems  to  be  a 
not  too  nitrogenous  diet  for  the 
mother.  A  statement  of  the  necessarv 
conditions  for  the  maintenance  of 
health  in  th-  germ-plasm  is  given.  It 
is  announced  that  an  English  edition 
of  this  pamphlet  is  in  preparation  ;  it 
is  much  to  be  desired  that  the  author 
l^resent  some  of  the  evidence  under- 
lying his  views,  since  it  is  not  gen- 
erally familiar  to  geneticists,  who  will 
have  to  be  shown  the  facts  before 
admitting  that  the  author's  ideas  are 
anything  nK)re  than  "ini])ortant  if 
tru'e."— P.P. 
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A  MUTANT  OF  THE  OLD  ENGLISH 

RAT 

F.  A.  E.  Crkw 
Animal   Breeding   Reseairh   Department,    University    of    Edinburgh,    Scotland 

WILD  wiiite  rats  vvtre  reported  was  caught,  and  still  another  black- 
in  certain  warehouses  in  Bris-  eyed  white  was  reported  to  be  in  the 
tol  in  1920.  and  a  well-known  hands  of  a  fancier  of  Bristol.  Accurate 
fancier,  Mr.  H.  C.  Brooke,  of  Taunton,  information  as  to  the  number  of  the 
took  steps  to  secure  live  specimens.  He  rats  seen  before  Mr.  Brooke  heard  of 
expected  to  obtain  feral  fancy  fats  them  is  not  available,  and  it  is  not 
{Mus  norvegicns),  but  to  his  great  as-  known  whethei"  such  rats  are  still  to  be 
tomshment  the  rats  he  received  were  found  in  the  locality, 
all  black-eyed,  creamy-white  specimens  Below  are  given  the  results  of  the 
of  Mus  rattus  rattus.  the  Old  English  breeding  work  carried  out  bv  Mr. 
Black  Rat.  He  ultimately  obtained  two  Brooke!^  Since  the  discoverv  and  first 
Black-eyed  Whites,  and  two  Black-eyed  description  of  this  new  varietv  of  Mus 
Fawns,  one  of  the  latter  being  sexually  rattus  rattus'  were  made  bv  him.  I  pro- 
immature:  all  four  were  males.  A  pose  to  give  the  name  Mus  rattus  rat- 
pregnant   black-eyed    pale-fawn    female  tus  var.  \nookei  to  it. 

Table  l~Crosscs  of  the  White  Mutant  Rats  Made  by  Mr.  Brooke. 
Parents  Oflfspring 

Black  lirookei  agouti 

^  5  S  9  i  9  S  9 

1.  brooiici  {w)    X  wild  black 4  3  _  _  _  _ 

2.  brookei  (w)    X  wild  white-bellied  agouti.       —  —  —  _  -,4* 
3-C.     /7roo^W   (w)    X   Fi   from    (2) i           _         :(,,•)      3  ( w )            fi  4 

I.  I'rookci  (i)    X  wild  yellow-bellied  agouti  —  —            —  —  3             94. 

8.  /^roo^rj  (f)   X  Fi  from   (7) —  ]  0(1)  3(f)  l  — 

n.  brookei  (w)   X  wild  black   (extracted) —  1  ~—  —  3             1 

10.  brookei  (w)    X  heterozygous  black 3  3  6(w)  2(w)  —  — 

T'  n-^]^^ '   ^'   ^^^' "•     *^^^-   Brooke  reported   that   some   of   these   were   white-   and   others 
grey-belhed ;   -j-  that  some  were  grey-  and  others  yellow-bellied. 

Table    U— Results   of   Breeding    Work    With    White   Mutant    Rats    in    the    Animal    Breeding 

Research  Department 


Parents  Offspring 

Black          brookei  (white) 
^ 5                                                                       <?  9             ^  5 

1-4.     brookei  (w)   X  wild  black 1.3  jg            _  _ 

5-  fi.     F.  from   ( 1-4 )    X  Fi 4  «              .,  _ 

7-12.     brookei  (w)    X  Fi  from   (1-4) ....10  8             12  3 
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Manv  brookci  X  brookci  matings 
were  made  and  invariably  yielded  noth- 
ing but  creamy-white  black-eyed  indi- 
viduals, but  it  was  remarkable  that  fe- 
males were  relatively  rare. 

Mr.  Brooke  sent  some  of  the  males 
to  me  and  the  results  of  the  breeding 
work  carried  out  in  this  Deivirtnient  are 
given  below. 

The  rarity  of  the  brookci  female  is 
again  noteworthy. 

Several  matings  of  brookci  X  brookci 
have  been  made  and  the  progeny  are 
invariably  black-eyed  creamy-whites,  no 
matter  how  the  ]:!arents  were  obtained. 

The  outstanding  characteristics  of 
this  new  variety  of  Mus  rattws  are  the 
bulging  jet-black  eye.  the  creamy-white 
body  color,  and  the  s'aty  color  of  the 
skin  of  the  ears  and  tail.  Every  op- 
portunity has  i)een  offered  both  by  Mr. 
I'rooke  and  by  myself  for  the  mating 
of  these  rats  with  the  fancy  rat  [norvc- 
gicus),  but  no  such  mating  has  oc- 
curred.    'i1ic  two   si)ecies  live  together 


liarmoniously  and  will  foster  each  oth- 
er's young.  Individuals  fostered  by 
tame  norvcgicus  does  and  handled  fre- 
quently from  their  earliest  days  become 
just  as  tame  as  their  foster  parents  and 
give  up  their  nocturnal  habits. 

The  breeding  rssults  suggest  that  the 
mutant  variety  of  the  ( )ld  English 
Black  Rat  has  a  ccjat  color  which  be- 
haves as  a  recessive  character  when 
tested  against  the  black  coat  color  of 
the  parent  stock. 

The  specimens  referred  to  as  fawns 
were  not  quite  similar  in  color  to  fawn 
"fancv"  rats  or  mice,  being  more  bis- 
cuit-colored. Thev  were  also  rather 
l)aler  than  the  Eawn  Rattits  raltus  i)ro- 
duced  by  Hagedoorn  and  Bonhote,  dif- 
fering from  th^  latter  also  in  that  their 
eves  were  always  black,  whereas  P)on- 
hote  records  of  his  Eawns  that  their 
eves  were  dark  ruby  when  young,  dar- 
kening with  age  as  in  th?  Cinnamon 
Canarv. 


A  British  Journal  of  Experimental  Biology 


HI  111  ER  TO  there  has  existed  in 
(Ireat  Britain  no  journal  which 
served  specihcallv  for  the  i)ul)li- 
cation  of  researches  in  experimental 
biology  lying  outside  the  confines  of 
genetics  on  the  one  hand,  and  tradi- 
tional human  physiology  on  the  other. 
.\merican  workers  who  have  created  a 
powerful  impetus  towards  experimental 
in(|uiry  in  biological  science  will,  it  is 
hoped,  welcome  the  announcement  that 
a  I-)ritish  lournal  of  i""xi)eriniental 
Biologv  will  a])pear  in  September. 
1!)23.  issued  by  Messrs.  Oliver  &  Boyd, 
from  the  .\ninial  P>reeding  Research 
Department  at  I^dinburgh.  While  a 
])rimary  object  of  the  Journal  will  be 
to  proiuote  in  (ireat  liritain  the  exten- 
sion    of     incjuiry     along     experimental 


lines,  it  is  tiie  earnest  hope  of  the  Edi- 
torial P>()ard  that  American  and  conti- 
nental scientists  will  give  their  supi)ort 
not  onl\-  by  subscribing  but  also  bv  of- 
tering  contribiuions   tor  |)ul)lication. 

-Ml    communications    should    be    ad- 
dressed   to    the    Managing    lulitor,    the 
.\ninial    l>r.'eding   Research  Department, 
the    L'niversitv.   Edinburgh.   Scotland. 
I-'.'  A.   K.   Ckkw. 

W.    J.    D.XKIN. 

|.  Heslop  1  I.vukiso.v, 
L.\NCEi,OT  T.    1I()(;hi:.n. 
JULIA.N     S.     lirxi.KV. 
j.    joll  .VSTON. 
I''.    II.    .\.    M.XRSM.M.r.. 
('i{\    C     RoHSON. 

.\.   M.  Caur  SArNr)KRs, 
|.   MAcLr.w    Tiio.Mi'soN 


IN  THE  MELTING   POT 


I  'I"  HAS  Vm^  been  charged  and  to 
a  lai\i,'e  extent  proved  that  the 
immiijration  of  recent  decades 
into  the  I'nited  States,  cominjj;  of 
late  years  lars^eh'  from  the  Mediter- 
ranean rei^ion  and  the  Near  East,  is 
eu.yenically  l)clow  the  avera.y^e  of  the 
older  immii,fration.  and  of  the  Ameri- 
can stock  of  native  parentage,  both  of 
them  largely  Xordic  in  composition. 
Army  mental  tests  proved  this  clearly 
as  to  general  intelligence,'  but  the  fact 
can  be  tested  in  many  other  ways. 

The  House  of  I\e])resentatives  Com- 
mittee on  Immigration  and  Natural- 
ization has  been  holding  hearings  dur- 
ing the  past  winter,  and  called  on 
Harry  H.  Laughlin,  superintendent  of 
the  Eugenics  Record  Of^ce.  for  infor- 
mation as  to  the  foreign-born  in  insti- 
tutions for  the  defective  and  delin- 
quent in  the  United  States.  His  testi- 
mony has  been  issued  by  this  com- 
mittee, and  forms  a  i)amphlet"  of  106 
])ages  ])acked  full  of  interesting  in- 
formation. 

Dr.  Laughlin's  method  of  attack 
was  to  calculate  a  normal  quota  for 
each  grou])  of  foreign-born  in  the 
United  States,  in  a  classification  which 
embraced  all  the  i)rincipal  countries 
of  the  world  and  ran  up  as  high  as 
No.  6T,  "born  at  sea." 

Taking  a  given  institution  popula- 
tion,— say  the  feebleminded, — the  per- 
centage of  this  population  to  the  total 
po]Hi!ation  of  the  United  States  was 
taken  as  100.  Then  if  the  Italians, 
for  instance,  represented  (as  meas- 
ured l)y  the  ]i)IO  census)  1.4(5  per  cent 
of  the  total  population  of  the  United 
States,  it  was  calculated  that  they 
ought  to  represent  1.4(i  per  cent  of 
the     total     ])opulation     of     the     feeble- 


minded institutions  m  the  country,  if 
their  showing  in  this  respect  were 
"normal."  'i'he  extent  to  which  any 
grou])  exceeded  or  fell  short  of  its 
quota,  calculatecl  in  this  way,  was 
taken  as  indicating  its  standing  in 
comparison  with  the  United  States 
])opulation  as  a  whole,  and  with  other 
grouixs   figured  in  the  .same  manner. 

The  .statistical  difficulties  of  inter- 
pretation of  such  figures  are  quite  ob- 
vious, and  doubtless  no  final  validity 
would  be  claimed  for  any  of  them. 
To  follow  up  the  illustration  already 
adopted,  it  is  clear  that  the  extent 
lo  which  the  Italians  fell  .short  of  or 
surjiassed  their  quota  would  be  in- 
fluenced by  such  important  factors  as 
the  age  and  sex  of  immigrants,  the 
regions  in  which  they^  settled  in  the 
United  States,  the  tendency  of  race 
or  religion  to  take  care  of  its  own 
dei)endents,  and  the  like.  While  such 
questions  make  all  comparison  pro- 
visional. Dr.  Laughlin  is  undoubtedly 
justified  in  claiming  that  where  a 
group's  "quota  fulfilment"  exceeds  200 
per  cent,  in  connection  with  a  small 
jirobable  error  (which  he  calculated  in 
all  cases),  that  grou])  deserves  further 
examination  from  the  jjoint  of  view 
indicated. 

The  Italians — to  conclude  with  the 
illustration  chosen,  were  entitled  to 
:^47  inmates  of  feebleminded  institu- 
tions, but  only  (U  were  found.  In  this 
respect,  then,  they  fulfilled  their  quota 
to  the  extent  of  only  •>5.4  per  cent. 
.\s  compared  with  the  population  at 
large,  it  appears  that  the  Italian  im- 
migrants either  have  a  small  per  cent 
of  feebleminded,  or  else  their  feeble- 
minded for  some  reason  do  not  get 
into  -Xmerica's  public  custodial  institu- 


' -Sec  Popcnoc,  Paul.  Intelligence  and  Race:  A  review  of  .some  of  the  results  of  the 
army  intellif?ence  tests.  I,  the  foreign  born.  Journal  of  llcrcditv.  WA.  XIII,  No.  (i,  pp. 
26o-!l.  Washington,   D.   C,  June,    1!)22. 

""Analysis  of  America's  Modern  Melting  Pot."  Hearings  before  the  committee  on  im- 
migration and  naturalization.  House  of  Representatives,  iJTth  Congerss,  ;!rd  session,  Novem- 
ber 21,  ]!»22,  Serial  7-C.  Statement  of  Harry  H.  Laughlin,  Washington,  Government  Print- 
ing Office.   1'.)2;i. 
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tions ;  or  both  explanations  may  con- 
ceivably apply. 

The  fact  is  that  nearly  all  of  the 
foreign-born  groups  fell  short  of  their 
quota  for  feeblemindedness — a  fact 
without  much  significance  when  it  is 
remembered  that  only  a  fraction  of 
one  per  cent  of  the  estimated  number 
of  feebleminded  in  America  is  to  be 
foimd  in  custodial  institutions.  The 
Serbians  make  the  worst  showing,  with 
a  quota  fulfillment  of  220. (i2  ])er  cent. 

Segregation  of  the  insane  is  fairly 
complete,  hence  the  data  under  this 
head  should  be  more  significant.  All 
foreign  groups  except  Japan.  China, 
and  Switzerland  exceed  their  ([uotas, 
running  up  to  such  high  percentages  as 

Turkey    200.12 

Russia.    Finland    and 

Poland     2(55.1 

Bulgaria    300.19 

Ireland     305.2 

Serbia    400.34 

The  reasons  for  the  excessive  preva- 
lence of  foreign-born  in  American  hos- 
])itals  for  the  insane  have  been  abund- 
antly discussed,  and  it  is  not  neces- 
sary to  enter  into  them  here.  Un- 
questionably part  of  the  explanation 
is  that  peasants  from  a  simi)le  en- 
vironment find  the  stress  of  .American 
life,  especially  in  the  cities,  too  much 
for  them. 

The  statistics  of  crime  are  even 
more  instructive.  .Ml  the  Xordic 
countries  stand  well,  falling  notablv 
short  of  their  quotas;  and  the  for- 
eign-born as  a  whole  do  not  (|uite 
reach  their  quota  (OS  per  cent  fulfill- 
ment). The  bad  showing  of  certain 
cfHintries  is  therefore  all  the  more  con- 
spicuous. In  addition  to  the  .American 
negro  (207  per  cent),  the  groujjs  which 
more  than  double  their  quotas  are: 

Italy    21S.2 

Turkey    240.17 

All   Asia    251.7 

All   Balkans    275.0 

Greece    203.9 

West   Indies    3 IS.  14 

China    337.12 

Bulgaria    3()C>.2(i 


Mexico    549.6 

Spain     660.21 

Serbia      1400.2 

This  showing  is  based  on  records 
of  the  inmates  in  155  state  and  federal 
institutions.  In  some  cases  it  may  be 
that  a  given  race  is  discriminated 
against  in  law  enforcement  in  some 
jiarts  of  the  country,  but  this  can  not 
explain  away  all  of  the  cases.  On 
the  whole,  it  can  hardly  be  doubted 
that  certain  of  the  countries  from 
which  the  United  States  has  drawn 
a  large  immigration  during  the  last 
cjuarter  century  have  been  sending 
their   dregs. 

The  small  figures  published  for 
epilepsy  indicate  that  the  bulk  of  the 
institutional  inmates  are  native  l)orn. 
As  to  tuberculosis,  the  Balkan  states 
(379  per  cent)  and  Greece  (436  per 
cent)  are  naturally  topped  by  the 
.American  Indians  (573  per  cent).  In 
blindness,  deafness,  and  deformity  the 
foreign-born  are  less  represented  than 
the  native-born.  As  a  rule,  persons 
with  such  deformities  would  not  come 
as  immigrants,  and  would  not  l)e  ad- 
mitted   if   they  came. 

For  self-preservation,  it  would  seem 
that  the  United  States  has  the  right, 
and  the  duty,  to  require  that  immi- 
grants shall  be  sui)erior  to  the  average, 
rather  than  inferior.  Evidence  from 
many  different  sides  indicates  that  dur- 
ing the  decade  or  two  i)rior  to  the 
recent  restriction  laws,  the  immigration 
tended  to  be  more  inferior.  The  pres- 
ent restrictive  (three  per  cent)  law 
tends  more  or  less  indirectly  to  bring 
in  a  better  quality  of  immigrants,  but 
it  is  generally  admitted  that  other 
measures  of  selection  as  well  as  re- 
striction are  desirable.  The  ideas  of 
one  student  of  this  question  are  given 
in  the  testimony  of  Dr.  Laughlin  on 
this    point: 

In  adflitiuii  to  the  nudical  ri<iuir(.mcnts 
now  li.stcd.  there  should  be  adtled  an  e.xam- 
ination  into  the  potential  parenthiiod  oi  the 
immi^'rant  tor  the  purpose  of  determining 
uliether.  in  the  normal  course  of  future 
years,  in  the  I'nited  States,  the  immigrant  is 
physically   capable  of   tx-coming   a   parent. 
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2.  Tlic  standards  of  iiu'iital  al)ility  aiul 
personality  should  bo  measured  by  a  series 
of    modern    psychological    tests. 

3.  The  reputation  of  the  immigrant  in 
relation  to  his  home  cotnmunity  should  be 
considered. 

4.  The  family  history  of  the  immigrant 
should  be  made  an  important  factor  in  judg- 
ing of  his  future  personal  wortli,  and  of  the 
hereditary  ciualities  uhicli  he  would  probably 
pass  on  to  his  children. 

5.  The  American  people  should  establish 
a  system  of  "immigration  attaches"  and  "im- 
migration passports"  in  our  consular  service. 
Data  on  personal  and  family  history  and  on 
reputation  should  be  rec|uired  by  and  should 
be  furnished  to  the  "immigration  attache" 
who  would  vise  the  "immigration  pass- 
port." only  in  case  the  immigration  standards 
of  the  American  nation  were  met  in  every 
way.  The  additional  requirements  which  I 
have  just  listed  would  go  a  long  way  to- 
ward establishing  the  standards  which  the 
American  people  desired  to  see  adhered  to. 

6.  The  immigrant  should  be  registered, 
and  a  registry  should  be  maintained  of  all 
foreign-born  in  the  United  States.  The  im- 
migration    admission     paper     should     be     the 


first  registration  card,  which  should  be  re- 
tained by  the  alien,  and  annually  examined 
by  the  United  States,  until  the  immigrant 
becomes  a  citizen  of  the  United  States,  or 
until  he  dies  or  is  deported. 

7.  The  deportation  system,  which  is  the 
object  of  a  survey  now  being  completed,  is 
the  last  line  of  defense  in  our  national  bat- 
tle against  undesirable  alien  qualities.  If  an 
alien  rema'ns,  legally  or  illegally,  in  the 
United  States  for  five  years  or  longer,  we 
can  not  deport  him ;  but  we  must  keep  him 
and  his  progeny  indefinitely  for  better  or 
worse.  We  should  admit  and  welcome  su- 
perior qualities  of  body  and  mind  in  aliens, 
but,  at  the  same  time,  we  should  exclude  the 
undesirables,  and  if  by  chance  some  unde- 
sirables get  in,  despite  our  efforts  at  exclu- 
sion,  we   must   deport   them. 

It  should  be  possible  to  control  immigra- 
tion in  such  a  manner  that  every  immigrant 
would  constitute  a  natural  asset :  first,  a 
present  economic  asset ;  second,  a  future 
social  asset ;  third,  an  asset  to  the  natural 
hereditary  qualities  of  the  race  in  case  the 
immigrant  becomes  the  parent  of  sound  and 
intelligent  offspring. 

Paul    Popexoe. 
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Proceedings  of  the  Second  International  Congress  of  Eugenics,  Volume  1. 
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Studies  i)i  Mental  Deviations,  by  S.  D.  Porteus.  Publication  Number  24 
of  the  Training  School.  Vineland,  N.  J. 

Heredity  in  Poultry,  by  Reginald  Cri'xdall  Puxxett.  The  Macmillan 
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Of  What  Use  Are  Common  People?,  by  Heixrich  Buchholz.  Warwick 
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The  Index  to  Volume  XIII 

The  index  to  Volume  XIII  i.s  not  yet  ready.  l)ut  is  now  in  preparation  and 
will  be  mailed  to  members  shortly.  The  regrettable  delay  in  its  publication  has 
been  occasioned  by  the  unexjiected  closing  of  the  last  volume,  a  greatly  increased 

amount  of  work  having  been  entailed  bv  the  changes  made  at  that  time. 
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CRESTED  DOMESTIC  DUCKS 


R.     W.      SnUFELDT 


VARIOUS  species  of  ducks  in  na- 
ture are  crested,  their  crests  l)e- 
in,<;-,  as  a  rule,  composed  of 
elont^ate,  soft,  featliers.  directed  1)ack- 
wards,  and  only  partially  raised  durinij^ 
certain  moods  of  the  bird.  Mandarin 
ducks  of  the  Orient  possess  such  a 
crest,  as  does,  to  some  extent,  our 
own  wood  duck.  However,  no  wild 
duck  known  to  me  has  such  a  crest 
as  the  one  shown  in  the  illustration. 
I  brought  this  bird  home  alive  from 
Center  Market,  Washington.  D.  C. 
early  in  November.  1922,  it  being  a 
drake  mallard  of  great  size,  doubtless 
due  to  the  fact  that  it  came  from  a 
stock  into  which  had  been  bred  other 
species  noted   for  that  character. 

At  the  middle  point  at  the  back  of 
the  head  of  this  mallard  was  a  soft, 
roundish  ball  of  feathers,  which  has 
generally  been  referred  to  as  a 
"crest;"  though,  as  a  matter  of  fact. 
it  is  no  such  crest  as  v/e  meet  with 
among  wild  ducks  or  their  near  allies. 
such  as  the  hooded  merganser  and 
those  anserine  species  that  possess  soft 
and  drooping  crests.  Many  ducks  are 
exposed  for  sale  in  the  Center  Market 
at  all  times  of  the  year,  and  I  pass. 
almost  daily,  the  place  where  a  great 
many  of  them  may  be  seen  in  crates ; 
but  I  may  say  that  in  the  course  of  a 
year  or  so  I  have  not  observed  more 
than  three  or  four  having  such  a  crest 
as  is  here  shown  in  the  figure.  I 
borrowed  the  bird  from  the  dealer, 
made  the  photograph  of  which  the 
accom])anying  figure  is  a  reproduction, 
and  returned  the   loan. 

Now  comes  the  question  as  to  how 
such  a  crest  could  have  originated  in 
a  line  of-  ducks,  either  ferine  or  do- 
mesticated,   when    thev    are    noted    for 


being  especially  devoid  of  such  a  fea- 
ture. No  mallard  in  nature  ever  ex- 
hibited such  a  crest — nor  does  any 
other  species,  in  so  far  as  I  am 
aware.  Breeders  of  domestic  ducks 
api)ear  to  be  entirely  ignorant  of  its 
origin;  they  say  it  is  a  "freak."  which 
means  nothing.  The  statement  fails 
to  explain  anything;  and.  freak  or  no 
freak,  it  must  have  arisen  somehow. 

In  referring  to  this  particular  char- 
acter. Darwin  made  the  statement  that 
in  some  ducks  "a  tuft  of  feathers  on 
the  head  is  by  no  means  a  rare  occur- 
rence ;  namely,  in  the  true  tufted  breed, 
the  hook-billed,  the  common  farmyard 
duck,  and  in  a  duck  having  no  other 
peculiarity  which  was  sent  to  me  from 
the  Malayan  Archipelago.  The  tuft 
is  only  so  far  interesting  as  it  af- 
fects the  .skull,  which  is  thus  rendered 
slightly  more  globular,  and  is  perfo- 
rated by  numerous  apertures."*  This 
statement  in  no  way  c.v  plains  the 
origin,  or  i)robal)le  origin,  of  such  a 
crest ;  and  it  further  complicates  the 
question  through  announcing  what  is 
to  be  found  in  the  skull  of  ducks  pos- 
sessing such  a  crest. 

Up  to  the  present  time  I  have  not 
examined  the  skull  of  a  duck  having 
one  of  these  feathery  topknots — in 
any  event  it  is  quite  secondary  to  the 
matter  of  the  presence  of  the  crest 
and  the  manner  of  its  origin.  I  note 
that  Darwin  did  not  take  up  that 
matter ;  and  so  far  as  I  know,  he 
left  no  exjilanation  as  to  how  such 
a    crest    came    about. 

Should  any  reader  of  The  Jourx.m. 
of  Heredity  possesses  information  on 
this  point.  I  would  be  very  glad  to 
know   about   it. 


*  Animals  and  Plants  Under  Domestication,  Vol.   I.  p.  3;i9. 
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THE  GENETICS  OF  JACOB 


R.  E.  Stone 
Department    of   Botany,    Ontario    Agricultural  College. 


THE  science  of  genetics  is  twenty- 
one  years  old,  but  the  founda- 
tions upon  which  genetics  rests 
are  very  old  indeed.  The  very  begin- 
nings are  prehistorical,  and  enough 
information  on  heredity  was  early  ac- 
quired to  give  rise  to  certain  systems 
of  selection  in  animal  breeding. 

Jacob,  for  example,  was  able  to 
mulct  his  father-in-law  through  a  defin- 
ite system  of  selection  and  mating. 
That  Jacob  was  in  advance  of  many 
in  his  time  there  is  little  doubt,  and 
also  there  is  little  doubt  that  he  did 
not  care  to  have  his  associates  learn 
the  secret  of  his  success.  He  was, 
throughout  his  whole  life,  mainly  con- 
cerned with  the  advancement  of  Jacob 
and  Jacob  only.  Although  we  may 
agree  that  this  son  of  the  chosen  peo- 
ple was  a  consummate  rogue,  we  often 
do  him  injustice  on  the  score  of  knowl- 
edge. 

In  the  book  of  (ienesis  ;3()  :"-3T-4-2 
there  is  set  forth  in  detail  a  system 
which  Jacob  is  supposed  to  have  used 
in  order  to  influence  the  color  of  his 
flock.  This  passage  is  often  cited 
to  show  that  Jacob  believed  in  the 
eflicacy  of  maternal  impressions.  A 
careful  reading  of  the  chapter  shows 
that  he  realized  the  imi)ortance  of 
segregation,  as  he  jHit  three  days  jour- 
nev  between  his  spotted  herd  and  the 
flocks  of  Laban.  Furthermore,  this 
account  has  been  written  by  an  ob- 
server not  concerned  in  the  material 
aspect.  We  get  a  clearer  understand- 
ing of  Jacob's  notions  concerning 
breeding  if  we  read  (lenesis  31  :<S-14, 
which  purports  to  be  Jacob's  own 
account   of   his  jirocedure : 

"If  he  (Laban)  .said  thus.  The 
sjieckled  shall  be  thy  wages;  then 
all  the  cattle  bare  speckled;  and  if 
he  said  thus.  The  ring-straked 
shall  be  thy  hire;  then  bare  all 
the  cattle  ring-straked.  Thus  God 
hath    taken    awav    the    cattle    of 


your  father  and  given  them  to 
me,  and  it  came  to  pass  at  the 
time  that  the  cattle  conceived, 
that  T  lifted  up  mine  eyes,  and 
saw  in  a  dream,  and  behold  the 
rams  whicii  leaped  upon  the  cattle 
ivere  ring-straked,  and  speckled 
and  grizzled.  And  the  angel  of 
God  spoke  to  me  in  a  dream  say- 
ing, Jacob,  and  I  answered.  Here 
am  I.  And  he  said,  lift  up  now 
thine  eyes  and  see,  all  the  rams 
which  leap  upon  the  cattle  are 
ring-straked.  speckled  and  griz- 
zled, for  I  have  seen  all  that 
Laban   doeth   unto   thee." 

Jacob  had  been  "stung"  in  his  first 
contract  with  Laban.  He  had  labored 
fourteen  years  to  make  good  his  slip 
and  all  this  time  had  been  trying  to 
devise  a  means  whereby  to  provide  for 
his  family.  As  a  result  of  long  brood- 
ing while  tending  his  herds  his  "in- 
spiration" came  in  a  dream :  Mixed 
breeding  and  isolation.  To  how  many 
scientific  men  has  the  solution  of  a 
diflicult  problem  come  in  the  same 
way  ? 

Taking  the  two  chapters  together  it 
would  seem  that  Jact)b  had  observed 
the  results  of  cross  breeding,  and  prob- 
ablv  also  observed  what  took  ])lace 
when  both  i)arents  were  of  the  same 
tvpe.  Of  course,  we  cannot  now  make 
a  genetic  analysis  of  Laban's  cattle, 
but  if  "ring-straked,  speckled  and 
grizzled"  are  assumed  to  be  dominant 
characters,  we  must  recognize  that 
lacob's  breeding  methods  were  not 
based  altogether  on  superstition.  He 
realized  the  value  of  i.solation  and  had 
some  knowledge  of  the  importance  of 
giving  the  get  an  ojjjxjrtunity  to  de- 
velop under  the  most  favorable  condi- 
tions. Since  the  modern  breeder 
makes  use  of  the  same  princii)lcs  it 
indicates  that  the  art  of  breeding  was 
fairlv  well  advanced  at  that  early 
period.— 1740  (?)  B.  C. 
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THE  INHERITANCE  OF  DEGREES  OF 
SPOTTING  IN  HOLSTEIN  CATTLE 

L.  C.  Dunn,  H.   V.   Webb  and   M.   Schneider 
Storrs  Agriciiltura!  Experiment  Station 


HOLSTEIX  cattle,  with  their 
striking  black  and  white  col- 
oration, are  familiar  features  of 
almost  every  country  landscape.  Pure- 
bred Holsteins  in  the  United  States 
outnumber  all  other  kinds  of  purebred 
dairy  cattle  combined  and  supply  the 
greater  portion  of  the  milk  and  dairy 
products  consumed  in  this  country. 
In  addition  to  mere  numbers,  they  are 
interesting  to  the  student  of  natural 
history  because  of  the  great  variety  of 
coat  patterns  in  existence.  Unlike 
other  breeds,  they  have  never  been 
made  to  conform  to  a  rigid  standard 
of  pattern.  In  fact,  Holstein  breeders 
have  rather  prided  themselves  on  the 
absence  of  reciuirements  in  regard  to 
coat  pattern  and  have  ])referred  to 
direct  their  breeding  operations  toward 
the  perfection  of  a  valuable  milk  pro- 
ducing type,  uninfluenced  by  minor 
considerations  of  pigmentation.  The 
only  registry  requirements  relating  to 
spotting  are  that  the  animal  to  be  reg- 
istered must  be  black  and  white ;  and 
that  the  following  extremes  of  spotting 
are  barred  from  registration:  (1)  solid 
black,  (2)  solid  white,  (3)  black 
switch,  (4)  solid  black  with  white  only 
under  belly,  (6)  black  on  legs  begin- 
ning at  feet  and  extending  to  kness 
and  hocks  or  black  with  white  inter- 
spersed in  these  parts.  The  relative 
amounts  of  black  and  white  may  and 
do  vary  within  wide  limits  from  nearly 
all  white  with  black  eyes,  to  almost 
solid  black  with  traces  of  white  on  the 
extremities  or  belly.  There  has  been 
of  late  years  a  tendency  for  some  Hol- 
stein breeders  to  prefer  the  lighter 
types,  while  a  few  have  favored  the 
very  dark  types.  These  preferences 
have  not  been  general  and  they  have 


not  influenced  the  breeding  operations 
nor  changed  the  general  character  of 
the  breed  to  any  marked  degree. 

The  occurrence  of  nearly  all  degrees 
of  black  and  white  spotting  provides 
additional  marks  of  identification  of 
the  individual  animals.  Breeders  have 
taken  advantage  of  this  fact  and  have 
kept  sketch  records  of  the  spotting  of 
each  animal,  and  have  made  wide  use 
of  photogra])hic  methods  for  recording 
the  type  and  coloration  of  their  cattle. 
The  Holstein-Friesian  Association, 
which  is  the  official  registry  office  for 
this  breed,  now  requires  a  standard- 
ized sketch  of  each  animal  submitted 
for  registry  and  when  one  considers 
that  over  one  million  purebred  animals 
have  been  registered,  each  entry  ac- 
companied bv  a  descriptive  sketch  and 
a  statement  identifying  both  parents 
of  the  animal,  the  bulk  and  value  of 
these  records  may  be  readily  recog- 
nized. 

In  view  of  this  wealth  of  interesting 
material,  we  were  somewhat  surprised 
to  find,  about  a  year  ago,  that  the  in- 
heritance of  the  variations  in  the  coat 
pattern  of  this  b^eed  had  never  been 
investigated.  We  decided  to  attempt 
such  an  investigation  and  Mr.  Webb, 
then  a  student  in  the  Connecticut  Agri- 
cultural College,  undertook  to  gather 
the  necessary  data  as  thesis  material 
for  an  advanced  course  in  genetics. 
He  met  with  prompt  and  courteous  co- 
operation from  the  officers  of  the  Hol- 
stein-Friesian Association  who  placed 
the  material  in  their  registry  office  at 
Brattleboro,  Vermont,  at  his  disposal. 
It  is  also  a  pleasure  to  acknowledge 
here  the  help  and  suggestions  of  Pro- 
fessor G.  C.  White  and  Mr.  L.  M. 
Chapman  of  the  Dairy  Department  of 
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P'iGURK  1.').  King  Model  18717  is  a  noted  producer  of  superior  offspring.  He  has  about 
fifty  units  of  black  (roughly  about  five  per  cent)  on  each  side  of  the  body.  By  cows  like 
himself  he  produced  only  light  calves.  By  dark  cows  he  produced  medium  and  dark  off- 
spring. This  is  evidently  the  recessive  color  pattern  in  Holstein  cattle.  The  few  light  calves 
produced  in  crosses  with  dark  cows  were  doubtless  due  to  the  heterozygous  condition  of  the 
dark  parent.     Photograph  by  courtesy  of   the    Blooniingrlale    Farms,    Somerville.    N.   J. 


the  Connecticut  Agricultural  College. 
Several  leading  breeders  of  Holstein 
cattle  and  the  editor  of  the  Holstein- 
Friesian  World  ha\^  very  kindly  sup- 
])lied  information  and  jihotographs. 
Their  courtesy  is  acknowledged  in  the 
legends  to  the  illustrations. 

The  Problem 

The  problems  which  we  set  out  to 
stud}'  were  : 

(1)  To  define  and  describe  the  vari- 
ations in  the  gross  amounts  of  white 
spotting  in  Holstein  cattle.  The  best 
preliminary  information  could  be  ob- 
tained, we  found,  froiu  a  study  merely 
of  the  relative  areas  of  black  and 
white  spaces  in  the  coat,  disregarding 
for  the  time,  the  variations  in  the 
character  or  arrangement  of  the  spots. 


(2)  To  find  out  whether  variations 
in  the  amount  of  sjiotting  were  in- 
herited. 

(3)  If  inherited,  in  what  manner. 

Our  plans  for  attacking  this  prob- 
lem were  more  or  less  conditioned  by 
the  form  in  which  the  data  were  avail- 
able. We  decided  that  the  most  feas- 
ible plan  was  to  choose  individual 
males  showing  great  differences  in  the 
amount  of  spotting,  and  to  obtain 
for  each  male  ( 1 )  his  spotting  descrip- 
tion, (2)  the  descrii)tion  of  a  random 
samj)le()f  cows  r)f  all  degrees  of  spot- 
ting with  which  he  had  been  mated, 
and  (3)  the  descri])tion  of  one  or  more 
offspring  from  each  of  these  luatings. 
This  should  provide  a  number  of  sire- 
dam-offspring  trios,  and  should  afford 
a  test  of  the  genotypes  of  the  males,  at 
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AVERAGE  DEGREE  OF  SPOTTING  OF  THE   LIGHT  SIRE'S  DAUGHTERS 

FiGLRK  1(5.  This  daughter  of  King  Model  (  Bluomingdale  Model  Onnsbv  Segis  598203) 
shows  the  average  grade  ot  his  daughters  by  all  grades  of  cows.  She  has  201  units  of  black 
(about  twenty-one  per  cent)  on  each  side  of  the  body.  In  all  three  bulls  studied,  the  average 
color  of  offspring  was  intermediate  between  the  grade  of  the  sire  and  the  avearge  grade  of 
the  dams.     Photograph  courtesv  of  Bloomingdale  Farms    Somerville    N    J 


least.  Because  of  the  small  number  of 
recorded  offspring  which  could  be  ob- 
tained from  any  one  female,  it  did  not 
appear  profitable  with  the  time  at  our 
disposal  to  attempt  to  determine  the 
genotypes  of  individual  females,  al- 
though we  realized  that  this  would 
eventually  be  a  necessarv  step. 

Methods  of  Obtaining  Data 

All  of  the  evidence  used  in  this 
study  was  obtained  from  the  individual 
registry  certificates  in  the  ofifice  of  the 
Holstein-Friesian  Association  at  Brat- 
tleboro,  Vermont.  These  certificates 
contain  ainong  other  things  the  regis- 
try number  of  the  animal,  registrv 
number  of  sire  and  dam,  and  a  sketch 
of  the  spotting  of  the  animal  drawn  on 


a  standardized  diagram.  The  accuracy 
of  the  parentage  records  of  these  ani- 
mals need  not  bs  (juestioned  since 
this  is  a  matter  of  considerable  con- 
cern to  the  registry  office  and  is 
checked  by  them.  The  sketch  of  the 
animal  is  made  by  the  breeder  and  al- 
though checked  by  an  independent  ob- 
server, is  admittedly  an  apjiroxima- 
tion.  It  is  sometimes  rechecked  when 
the  animal  is  sold  and  a  new  registry 
certificate  made  out ;  and  in  such  cases 
the  agreement  of  the  two  records 
is  reasonably  good.  The  original 
sketches  are  nearly  all  made  from 
young  animals  and  some  variation 
from  this  is  to  be  expected  when  the 
same  animal  is  resketched  after  at- 
taining full   size.     The  officials  of  the 
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THE    MEDIUM    SIRE 

FiOLRE  17.  King  of  the  Pontiacs  has  about  ;i.JO  units  of  black  and  although  medium  in 
appearance  lie  bred  more  like  a  dark  bull  which  was  a  hybrid,  carrying  latent  factors  for  the 
lighter  grades  of  spotting.  This  famous  sire  has  280  registered  daughters.  Bred  by  Stevens 
Hastings    Co.,    Lacona,    N.    V.      Pliotograph    courtesy    of    Mr.    Stevens    and    the     Holstein- 

Frcsian   World. 


reiji.strv  office  believe  the  .sketches  to 
be  fairly  accurate  on  the  averaj^je.  J  he 
error  in  estimating  the  amounts  of 
black  and  white  present  in  the  coat  is 
|)rol)abIy  not  over  five  or  ten  per  cent. 
The  siM)tting-  of  each  side  of  the 
animal  is  sketched  separately  on  a 
standard  ])rofile  diaijram.  Our  method 
was  to  trace  each  sketch  on  onion  skin 
pa])er.  We  then  prepared  a  duplicate 
blank  diasfram  on  fine  co-ordinate 
l)aper.  'J'he  area  occupied  by  the  i)ro- 
file  dia.ijfram  was  about  950  s(|uares. 
The  extent  of  the  black  and  white 
spaces  on  each  animal  could  then  be 
estimated  by  ai)i)lying  the  onion  skin 
sketch  to  the  ruled  dia^^ram  and  count- 
in,fj  the  number  of  scjuares  covered  by 
the  black  and  white  areas.     This  was 


done  for  both  sides  of  all  animals  used 
in  this  study.  The  results  for  each 
estimation  were  then  expressed  as  the 
number  of  units  or  squares  of  black 
on  the  animal.  An  all  white  animal 
would  then  be  ^rade  0,  while  an  all 
black  one  would  be  950.  The  very 
light  bull  in  l-'ig.  15  is  of  grade  50. 
The  units  in  this  case  are  950ths  of 
the  total  profile  area  of  the  animal,  or 
practically  ])er  milles.  Dividing  each 
grade  by  ten  reduces  it  roughly  to  per 
cents.  Thus  King  Model  (Fig.  15)  is 
of  grade  50  or  roughlv  5  i)er  cent 
black. 

The  spotting  grades  of  294  animals 
are  used  in  this  study,  divided  as  fol- 
lows : 


Dunn,  Schneider  and  W'ehl):  S])()iiini4'  in  Cattle 


233 


AVERAGE   DARKNESS   OF    MEDIUM    BULL'S    OFFSPRING 

Figure  18.  Alcartra  Johanna  Korndykc  41o274  shows  the  average  grade  of  the  daugh- 
ters of  King  of  the  Pontiacs  when  mated  to  cows  of  all  grades.  The  cows  with  which 
King  of  the  Pontiacs  were  mated  averaged  200  units  (about  twenty  per  cent)  darker  than 
the  cows  with  which  the  other  two  bulls  were  bred.  Photograph  courtesy  of  the  Blooming- 
dale   Farms. 


(1)  A     light     bull     (King     Model) 
Figure    15: 

46  cows  mated  to  King  Model 
and  50  offspring  (25  males 
25  females)  resulting  from 
these  matings,  including  one 
pair  of  twins  and  two  off- 
spring each  from  three  cows. 

(2)  A  bull  of  medium  grade   (King 
of  the  Pontiacs)   Figure  17  : 

49  cows  mated  to  King  of  the 
Pontiacs  and  49  offspring  (25 
males  and  24  females)  result- 
ing from  these  matings. 

(3)  A    dark    bull     (King    Pietertje 
Ormsby  Piebe)   Figure  20: 

47  cows  mated  to  King  Pie- 
tertje Ormsby  Piebe  and  50 
offspring    (25    males    and    25 


females)  from  these  matings. 
including  1  pair  of  twins  and 
two  offspring  each  from  two 
cows. 

The  cows  which  had  been  mated  to 
each  bull  were  chosen  by  serial  regis- 
try numbers  in  order  that  a  random 
sample  in  resjiect  to  spotting  might  be 
secured.  In  order  to  secure  an  equal 
number  of  male  and  female  offspring, 
the  dams  of  the  first  twenty-five  off- 
spring were  chosen  as  dams  of  female 
calves  and  the  second  twenty-five  as 
dams  of  male  calves. 

Analysis  of  Data 

In  order  to  simplify  the  treatment 
of  the  data,  we  first  determined  the 
correlation  between  the  amounts  of 
black  on  the  two  sides  of  the  bodv  for 
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THE    DARK    BULL 

Figure  20.  King  Pietertje  Ormsby  Piebe  16594  has  900  units  of  black  and  only  about 
fifty  units  of  white.  This  is  probably  the  dominant  type  of  spotting  in  Holstein  cattle,  al- 
though this  animal  is  not  genetically  pure  for  his  spotting  characters  (see  Figure  19).  He 
is  the  world's  highest  yearly  record  bull  for  both  butter  and  milk  production.  Owned  by 
Hargrove  and  Arnold,  Norwalk,  Iowa.     Photograph  courtesy  of  the   Holstcin-Frcsian  World. 


all  animals  used."  This  correlation  was 
found  to  be  very  high  (r=.971  '-  .002). 
There  was  almost  perfect  agreement 
between  the  amounts  of  black  on  the 
right  and  left  sides  indicating  that  we 
were  probably  dealing  with  a  general 
variation  of  black  pigment  present  and 
that  a  description  of  one  side  of  the 
body  could  be  used  with  almost  perfect 
accuracy  as  a  description  of  the  total 
amount  of  black  pigment  in  the  whole 
coat.  Thereafter  we  used  only  the 
amount  of  black  pigment  on  the  left 
side  as  the  spotting  grade  of  the  ani- 
mal. 

We  next  determined  the  gross 
amount  of  variation  in  spotting  for  the 
whole  series  of  142  dams,  since  these 
were  taken  as  a  random  sample  of  the 
breed.  These  cows  ranged  in  amount 
of  black  from  about  grade  10  (about  1 

"In  this   correlation  and  wherever  biome 
dividuals  in  classes  of  oO  units,  viz.:  0-49  un 


per  cent  black)  to  about  grade  925 
(about  92  per  cent  black).  The  small 
amounts  of  black  in  the  lowest  grades 
were  centered  principally  on  the  head 
and  particularly  about  the  eyes,  while 
in  the  darkest  grades  the  small 
amounts  of  white  appeared  on  the 
lower  legs  and  along  the  underline. 
The  absence  of  the  extremes  of  self 
white  and  self  black  is  due  to  the  re- 
quirement of  the  association  that  ani- 
mals eligible  for  registry  shall  be 
black  and  white.  The  variation  ap- 
peared to  be  symmetrical  and  continu- 
ous from  the  lightest  to  the  darkest 
grades.  The  mean  grade  of  this  ran- 
dom sample  of  cows  was  433  units 
(about  43  per  cent  black)  or  slightly 
less  than  the  mean  of  the  possible  ex- 
tremes (475  units).  This  is  perhaps 
due  to  a  sexual  difference  since  it  is  in- 

trical   methods   were  used  we   grouped   the    in- 
its  of  black;  50-99  units,  etc. 
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dicated  below  that  females  are  prob- 
ably somewhat  lighter  on  the  average 
than  the  males.  The  standard  devia- 
tion of  amount  of  black  was  265  units 
while  the  coefficient  of  variation  was 
61  per  cent.  It  is  evident  then  that  the 
spotting  of  these  cows  is  extremely 
variable. 

We  then  compared  the  two  sexes  in 
amount  of  spotting,  using  the  offspring 
group  in.  which  the  number  of  males 
and  females  was  equal.  The  mean  of 
all  males  was  found  to  be  555.4  -  22.9 
units,  while  the  mean  of  all  females 
was  388.0  i  20.8.  The  difference  in 
mean  grade  was  67.39  -  30.86,  or 
slightly  greater  than  twice  its  probable 
error  which  can  hardly  be  accepted  as 
statistically  significant.  We  believe, 
how-ever,  that  in  a  larger  sample  the 
males  would  be  found  to  average 
somewhat  darker  than  the  females, 
and  that  this  sexual  difference  ac- 
counts for  the  fact  that  the  random 
sample  of  dams  was  somewhat  lighter 
than  the  mean.'  This  probable  sexual 
difference  does  not  affect  the  conclu- 
sions which  follow,  since  these  are 
based  on  averages  of  equal  numbers  of 
male  and  female  offspring. 

We  next  compared  the  mean  grades 
of  the  offsj)ring  of  the  light,  medium 
and  dark  bulls.  The  results  of  this 
comparison  are  given  in  Table  1.  The 
most  obvious  fact  shown  by  this  table 
is  that  the  offspring  of  the  three  bulls 
which  differed  considerably  in  dark- 
ness, themselves  differ  in  darkness  in 
the  same  way  as  their  sires.  The 
progeny  of  King  Model  (Figure  15),  a 
very  light  bull,  are  much  lighter  on 
the  average  than  the  offspring  of  King 
Pieterje  (Fig.  20),  a  very  dark  bull, 
although  the  dams  of  the  two  lots 
were  of  similar  darkness.  The  light 
bull  i)roduced  light  calves;  the  medium 


bull  produced  calves  of  medium  dark- 
ness and  the  dark  bull  produced  dark 
calves.  The  amounts  of  influence  of 
the  various  sires  on  their  offspring 
cannot  be  measured  accurately  by  this 
method,  for  the  group  of  cows  with 
which  each  bull  was  mated  did  not 
prove  to  be  of  the  same  mean  grades, 
although  the  method  of  random  choice 
was  designed  to  avoid  such  differences. 
The  most  serious  departure  in  this  re- 
spect is  in  the  cows  mated  to  the  me- 
dium bull,  King  of  the  Pontiacs,  which 
proved  to  be  200  units  (20%)  darker 
than  the  cows  mated  to  either  the  light 
or  dark  bull.  All  groups  of  females 
however,  fall  within  the  medium  class 
and  the  mean  grades  of  their  calves 
clearly  show  the  influence  of  the  sire 
and  point  to  the  heritability  of  differ- 
ences in  darkness. 

Each  male,  however,  differs  in  dark- 
ness from  the  average  of  the  females 
with  which  he  was  mated.  The  calves 
produced  are  in  each  case  intermediate 
in  darkness  between  the  sire  and  the 
average  of  the  dams.  The  average 
grade  of  the  calves  is  very  near  to  the 
average  between  the  sire  and  dam  as 
shown  l)y  the  following  tabulation: 

Sf^otling  of  Sire        Light  Medium  Dark 


Av.  Grade  of  Parents.. 
Av.   Grade  of   Oflfspring 


220 
201 


449 
430 


623 
638 


This  might  be  taken  as  evidence  of 
a  purely  blending  type  of  inheritance 
in  which  dominance  was  absent,  such 
as  that  which  characterizes  some  cases 
of  size  inheritance.  Hut  mass  statis- 
tics alone  are  inade([uate  to  establish 
the  mode  of  inheritance,  since  indi- 
vidual differences  are  extinguished  by 
averaging  and  we  know  now  that  in- 


"An  interesting  parallelism  is  thus  established  between  the  spotting  of  Holstein  cattle 
and  the  piebald  spotting  of  guinea  pigs.  Wright  (Proceedings  Salional  Academy  of 
Sciences,  ()::521,  1<.I20)  found  that  the  males  of  all  the  piebald  stocks  of  guinea  pigs  which 
he  had  observed  had  about  seven  per  cent  more  color  than  the  females.  In  the  pre- 
liminary figures  given  above  the  Holstein  males  are  darker  tlian  the  females  by  about  the 
same  amount.  In  both  animals  sex,  as  Wright  has  suggested,  acts  as  a  modifier  for  the 
c<ilorcd  and  white  pattern,  which  is  inherited  independently  of  sex.  A  comparison  of  spot- 
ting in  the  males  and  females  of  two  inbred  stocks  of  piebald  mice  reveals  no  significant 
sexual  difference   (unpublished  data). 
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li.critance  is  in  s^eneral  a  matter  of  in- 
dividual differences  and  separable 
traits.  We  may,  however,  conclude 
that  the  averai^e  result  of  crossing- 
animals  of  different  grades  is  the  pro- 
duction of  offspring  whose  average 
grade  is  intermediate  between  those  of 
the  parents.  This  is  purely  a  statemsnt 
of  average  facts  and  not  an  explana- 
tion of  the  inheritance. 

We  next  attempted  to  determine  the 
differences  in  the  hereditary  contribu- 
tions of  the  different  sires  used  by 
measuring  the  resemblance  or  correla- 
tion in  spotting  between  individual 
calves  and  their  dams  for  each  prog- 
eny group  separately.  We  reasoned 
that  if  the  germ  cells  of  the  sire  con- 
tained factors  recessive  to  those  of  the 
dams  then  there  should  be  a  high  de- 
gree of  resemblance  between  dam  and 
offspring,  because  the  contribution  of 
the  sire  should  not  be  visible  in  his 
offspring.  If,  on  the  other  hand,  the 
sire  contributed  dominant  factors,  the 
resemblance  between  offspring  and 
dams  should  be  altered  (correlation 
lowered)  by  the  "interference"  of  the 
factors  from  the  male.  If  there  were 
no  dominance,  the  contributions  of  sire 
and  dam  to  the  offspring  should  be  of 
equal  effect  and  variation  in  the  dams 
should  be  accompanied  to  some  ex- 
tent by  variation  in  the  offspring,  re- 
sulting in  low  correlation  between 
dams  and  offspring.  This  reasoning 
we  believe  to  be  sound,  but  in  our  own 
case  many  practical  difficulties  stand 
in  the  way  of  a  direct  application  of 
this  method.  Chief  of  these  is  the  fact 
that  for  at  least  two  of  the  sires  used 
we  cannot  be  certain  that  the  germ 
cells  produced  are  alike ;  we  have  no 
good  evidence  that  they  are  homo- 
zygous. Another  difficulty  is  the  fact 
that  all  three  sires  were  not  bred  to 
exactly  the  same  types  of  cows.  The 
cows  to  which  the  light  and  dark  bulls 
were  bred  are  roughly  of  similar  dark- 
ness, but  the  cows  to  which  the  me- 
dium bull  was  bred  were  darker  than 
the  other  two  groups.  The  most 
profitable  jjrocedure  is  therefore  to 
compare   the   degree   of   dam-offspring 


resemblance  in  the  j^rogenies  of  the 
light  and  the  dark  sires. 

The  dam-offspring  correlations  are 
given  in  the  last  column  of  Table  1. 
There  proved  to  he  a  high  correlation 
(r  =  -I-  .01)  between  the  dams  and  off- 
spring of  the  light  bull  (King  Model) 
indicating  that  the  factors  contributed 
by  this  male  were  probably  recessive 
to  those  of  the  dam.  If  the  coat  pat- 
terns of  the  offspring  were  determined 
wholly  by  the  heredity  of  the  sire  and 
dam.  then  the  contribution  of  the  light 
sire  has  much  less  visible  effect  on  the 
coat  character  of  the  offspring  than 
the  contribution  of  the  darker  dams. 
This  last  assumption  is,  however, 
probably  not  justified  since  some  non- 
heritable  variation  exists. 

The  correlation  between  dams  and 
offspring  of  the  dark  bull,  while  un- 
doubtedly significant,  is  only  about 
half  as  great  (r  =  +  .3-i)  as  the  corre- 
lation between  dams  and  offspring  of 
the  light  bull.  The  relative  importance 
of  dam  and  sire  is  here  reversed,  the 
dark  male  having  the  greater  determin- 
ative effect,  indicating  dominance  of  the 
factors  contributed  by  him. 

There  proved  to  be  no  correlation 
between  the  dams  and  the  offspring  of 
the  medium  bull  indicating  possibly 
equal  determinative  effect  of  the  con- 
tributions of  sire  and  dam.  Because 
of  the  probable  independent  segrega- 
tion of  spotting  factors  taking  place  in 
this  cross  (see  below)  indicating  a 
heterozygous  genotype  for  the  male 
and  many  of  the  females  in  these  mat- 
ings,  and  because  of  the  difference  in 
mean  grade  of  the  mated  cows  we  pre- 
fer to  draw  no  conclusions  from  this 
correlation. 

Accej)ting  this  as  partial  evidence  of 
the  dominance  of  the  darker  over  the 
lighter  grades  of  spotting,  we  next  at- 
tempted to  determine  whether  there 
was  any  clear  evidence  of  the  segrega- 
tion of  factors  affecting  the  amount  of 
spotting.  We  divided  all  animals  used 
into  three  groups,  classifying  as 
"light"  tho.se  with  from  0  to  249  units 
of  black  ;  as  "dark"  those  with  700  to 
949  units  of  black  ;  and  as  "medium" 
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those  with  250  to  699  units.  These 
divisions  were  not  whoHy  arbitrary 
since  the  (Hvision  points  appeared  to 
be  regions  of  somewhat  lower  fre- 
quency in  the  whole  distribution.  We 
then  listed  the  results  of  all  matings 
within  and  between  these  groups,  and 
have  arranged  these  data  in  Table  2. 

The  cross  of  light  by  light  was 
found  to  give  practically  all  light.  The 
twe  medium  animals  recorded  were  in 
one  case  a  very  light  medium  (250 
units  of  black)  which  might  easily 
have  l)een  placed  in  the  "light"  group 
and  in  another  case  a  medimn  (450 
units)  whose  dam  was  a  cow  with 
broken  spotted  areas  distributed  over 
the  whole  surface  of  the  coat.  The 
actual  amount  of  black  on  this  cow 
was  200  units  left  and  250  units  right. 
Because  of  the  extended  distribution 
of  spotting  she  might  have  been 
placed  in  the  medium  class.  We 
should  make  no  great  misstatement  in 
saying  that  the  lighter  grades  of  si)ot- 
ting  breed  true  to  this  condition. 

The  cross  of  light  and  dark  animals 
profluced  principally  animals  of  me- 
dium grade  with  a  few  light  and  a  few 
dark  offs|)ring.  (  )n  the  liypothesis  of 
the  i)artial  dominance  of  dark  the  aj)- 
pearance  of  light  animals  would  indi- 
cate that  some  of  the  darks,  including 
the  dark  bull,  were  heterozygous.  The 
ai)])earance  of  some  dark  offspring  in- 
dicates that  the  dominance  of  dark  mav 
l)e  nearly  complete.  Medium  animals 
bred  together  produced  principally  me- 
dium calves  with  some  evidence  of  the 
segregation  of  light  and  dark  animals. 
Medium  females  l^red  to  light  males 
produced  a  ])reponflerance  of  light 
calves  and  some  mediums  but  no 
darks,  while  the  medium  male  bred 
to  light  cows  produced  in  addition  two 
dark  calves.  Medium  by  dark  pro- 
duced jirincipally  darks  and  mediums 
with  distinct  evidence  of  segregation 
of  some  lights.  Dark  by  dark  pro- 
duced few  calves  of  which  four  were 
dark  and  one  was  medium.     A  i^eneral 


survey  of  the  individual  matings 
showed  that  with  few  exceptions  the 
calves  produced  were  generally  no 
darker  than  the  darker  of  the  parents, 
making  the  case  somewhat  analogous 
to  the  inheritance  of  shades  of  eye 
color  in  man.  The  exceptions  were 
the  dark  calves  produced  by  the  me- 
dium bull  when  bred  to  both  light  and 
medium  cows.  It  is  possible  that  the 
medium  bull  was  of  a  dark  genotype, 
although  he  was  phenotypically  me- 
dium. Certainly  he  bred  more  like  a 
dark  than  a  medium  bull.  In  general 
then  it  appears  that  the  light  animals 
used  were  fairly  pure  for  this  condi- 
tion, while  both  the  medium  and  dark 
bulls  were  heterozygous.  The  results 
of  reciprocal  crosses  were  not  always 
similar,  there  being  usually  an  excess 
of  dark  animals  in  the  offspring  of  the 
dark  and  medium  bulls;  the  males  ap- 
]:)eared  more  "prepotent"  in  transmit- 
ting darkness.  But  with  this  small 
sample  of  animals  tested  no  conclu- 
sions from  this  are  warranted.  The 
chief  result  of  the  evidence  consid- 
ered in  this  way  is  the  demonstration 
of  the  segregation  of  the  lighter  from 
the  darker  grades,  without  the  reverse 
phenomenon  except  in  the  case  of  the 
phenotvpicalh-  medium  bull. 

Non-Genetic   Variation 

We  have  no  good  evidence  on  the 
amount  of  non-genetic  variation  in 
these  spotting  patterns,  but  it  probably 
occurs  to  a  degree.  The  best  measure 
of  it  would  be  the  amount  of  variation 
existing  in  identical  twins ;  and  we 
have  been  unable  so  far  to  assemble 
indis])Utable  cases  of  identical  twinning. 

The  recent  data  of  Gowen'  and  of 
Lillie'  indicate  quite  conclusively  that 
identical  twinning  in  cattle  is  extreme- 
ly rare,  if  it  does  occur.  Lillie  finds 
in  his  Keller's  and  Tandler's  cases 
(p.  52)  only  one  certain  case  of  iden- 
tical twimiing  out  of  12<)  cases  of 
monosexual  twins  in  which  the  num- 
ber   of    corpora    lutea    in    both    ovaries 


*  GowEX,  J.  \V.     Hinlflf/ical  BulU'tin  41:   1-r,.     1022. 
'Lillie,  F.  R.     Ibid.,  44:47-78.     1923. 


Dunn,  Schneider  and  \\'el)l):  Si)i)llini'-  in  Callle 
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OFFSPRING  OF   KING  PIETERTJE 

Figure  21.  Notice  how  closely  the  calves  resemble  their  sire,  not  only  in 
amount  of  black  and  white,  but  in  its  distribution.  A  certain  amount  of  non-genetic 
variation  certainly  occurs,  but  just  how  much  is  difficult  to  determine.  Photoj^raph 
courtesy  the  Holstein-Fresian  World. 


could  be  determined.  Because  of  the 
tendency  of  originally  separate  chorions 
to  fuse,  the  evidence  from  the  condi- 
tions of  the  meinbranes  at  birth  is 
not  reliable,  so  that  this  method  which 
would  seem  to  offer  a  mode  of  attack 
on  the  problem  of  spotting  inheritance, 
appears  actually  to  be  of  no  value. 
Gowen  ( loc.  lit.)  collected  1122  cases 
of  twins  in  Jersey  cattle  and  from 
the  degree  of  resemblance  in  body 
markings  between  monosexual  as  com- 
pared with  bi-sexual  twins  and  sisters 
of  separate  births  concluded  (p.  5), 
"These  facts  all  jxjint  to  not  more  than 
a  low  percentage  of  identical  twins  in 
cattle  if  they  exist  at  all." 

Of    the    two    pairs    of    monosexual 

twins   in   our   series,   one   pair   is   alike 

in    coat    pattern,    one    member    having 

250  units  of  black  left 

150  units  of  black  right 

and  the  other 

150   left 

150    right 
The    members    of    the    other    pair    are 
dissimilar,  one  being 

200  left 

100  right 


the  other 


650   left 
050  riijht 


The  second  pair  is  from  a  cross  ol 
light  by  dark  and  shows  segregation 
of  light  and  medium ;  while  the  first 
pair  is  from  medium  by  light  and 
shows  segregation  of  light  from  me- 
dium. In  view  of  the  facts  cited 
above,  the  resemblances  and  differences 
of  these  twins  are  only  such  as  might 
be  expected  to  arise  from  segregation 
of  spotting  factors  in  individuals  of 
separate  birth. 

Discussion  and  Conclusion 

The  results  obtained  from  this  study 
are  chiefly  of  value  in  pointing  out  an 
interesting  problem  for  which  a  greater 
amount  of  material  is  available  than 
for  any  other  problem  of  coat  color 
or  spotting  inheritance  known  to  us. 
and  in  indicating  some  of  the  methods 
by  which  it  may  be  attacked. 

The  preliminary  evidence  is  suffi- 
cient to  indicate  that : 

(1  )  Differences  in  amounts  of  spot- 
ting in  Holstein  cattle  are  in- 
herited, and  amenable  to  se- 
lection even  when  this  is  prac- 
tised on  the  male  side  only 
as  in  the  present  case. 

(2)  That  the  darker  grades  are 
probably  partially  dominant 
over  the  lighter  grades. 
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(3)  That  segregation  of   factors  de- 

termining the  grosser  differ- 
ence in  spotting  occurs. 

(4)  That    some    degree    of    blending 

occurs,  due  possibly  to  minor 
modifying  factors  whose  ex- 
pression together  with  that 
of  the  major  factor  or  factors 
may  be  obscured  by  non- 
genetic  variation  at  present 
not  measured. 

(5)  Because    of    the   extreme    rarity 

of  proven  cases  of  identical 
twinning  in  cattle  it  will 
probably    not    be    possible    to 


measure  the  amount  of  this 
non-genetic  variability  by  the 
comparison  of  the  spotting 
patterns  of  monosexual  twins 

The  present  data  cannot  be  used  for 
measuring  the  number  or  the  quantitive 
effects  of  the  factors  involved  since 
in  the  ab.sence  of  knowledge  concerning 
the  genotypes  of  the  animals  used,  the 
proportions  of  offspring  of  various 
types  can  have  little  significance.  There 
is  every  indication,  however,  that  an 
exact  interpretation  can  be  arrived  at 
through  the  collection  and  study  of 
more    data. 


Table   1.     Average   results   of   crossing   bulls   of   different   spotting    grades   iw'/f/i    fewales    of 

all  grades 


Sire 

Mean 

Grade  L'nits 

of  Black 

Standard 

Deviation 

( Units) 

Coefficient 

""/  . 
Variation 

(Percent) 

Coefficient  of 
Correlation 
Daws  and 
Offspring 

King  Model 

Dams           46 

1 

392.39124.91 

250.50!  17.62 

63.8416.05 

.611  06 

r 

(Light,  grade  50) 


Offspring  |  .50  |  201.001 15.41  |  101. 50r  10.89  |  80.3518.24  !     —  =10.16 

II  1  I  I    Er 


King  of  the  Pontiacs 
(Medium,  grade  350) 

1  Dams 

1 

1  Offspring 

1 

49 
49 

549.49124.38 
430.10123.32 

253.001 17.24 
242.00116.49 

46.0413.74 
46.2714.90 

.051.10 

r 

—  =     .50 

Er 

King  Pictertje  Ormsby 
Piebc 
(Dark,  grade   900) 

1  Dams 
1  Offspring 

! 

47 
50 

353.73124.50 
638.00123.66 

249.001 17.32 
248.00116.73 

70.3916.91 
38.8712.99 

.341.08 
r 

—  =  4.25 
Er 

All    Dams 

1 

142 

433.80114.20 

26.5.00110.61 

61.0913.23 

T.XBLE  2.     Results  of  crosses  among   llolslein   caltle  of  various  grades  of  spotting. 


Offspring 

Parents 

Light 
(0-249) 

Medium 
(250-699) 

Dark 
(700-949) 

Mean  Grade 
Offspring 

Light (?     X    Lights 

13 
I 
3 
6 

20 
3 
3 
2 

2          '          — 
12          1            6 

125.00  1  81.68 

Light  <5    X    Dark  9  

Light  9     X    Dark  i          

431.25  1  31.24 
555.95  1  33.85 

Medium  9    X   Medium  $ 

Medium  9    X    I-ifiht  6 

Medium  (?    X    Light  9        

13 
7 
5 
7 

10 
1 

2 

2 

14 

6 

4 

457.S6  1  32.38 
175.00  1  1.5.77 
370.00  1  .50.98 

Medium  9    X   Dark  S  

677.09  1  34.21 

Medium  i    X    Dark  9        

566.67  1  37.12 

Dark  6    X    Dark  9 

795.00  1  .56.11 

Total 

51          1          64 

34         1                   1 49 
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A  BRANCHED  EAR  OF  MAIZE-AN  INHERITED  ABNORMALITY 
Many  of  tlir  ahn()rnialitic>  tlniv  lar  n-portrd  in  liulian  o.rii  arr  iiilKiiud  m  a 
simple  Mtiuklian  maniur,  hut  this  is  partly  because  the  cases  of  smipler  iniieritance 
liave  been  studied  first,  and  the  more  complicated  problems  deterred.  he  inherit- 
ance of  this  form  of  branched  ears  is  not  according  to  the  usual  Mendelian  system. 
Mendelian  ratios  were  not  obtained  and  it  was  not  possible  to  isolate  a  uniiorm 
l)ranch-eared  strain.  ..r  even  to  approach  that  condition.  Continued  selt -pollination 
does  not  appear  to  increase  the  number  of  such  plants,  which  are  produced  at  a 
rate  of  about  five  normal  plants  to  one  bearing  branched  cars.  The  ear  tn.m  which 
this  strain  originated  came  from  a  variety  of  maize  grown  by  the  Pawnee  Indians. 
( I-Vontispiece.) 


HERITABLE  CHARACTERS  OF  MAIZE 

XIV — Branched  Ears 

J.   II.   Kkmfton 
Bureau  Plant  Industry 


TWV.  nunil)cr  of  simple  Mt'iiclelian 
characters  reported  for  maize  is 
increasinf^  constantly  and  creat- 
ing the  erroneous  impression  that  all 
heritable  teratological  variations  result 
from  changes  in  single  hereditary 
units.  Following  the  discovery  of  a 
new  abnormality  the  customary  pro- 
cedure is  to  inbreed  for  several  genera- 
tions, propagating  only  those  individ- 
uals which  express  the  character  in  its 
most  extreme  form.  After  this  treat- 
ment abnormalities  which  fail  to  be- 
have as  simple  or  comparatively  simple 
characters  when  crossed  with  closely 
related  normal  individuals  must  bide 
their  thne  until  the  mode  of  inheritance 
of  the  more  simple  characters  has  been 
determined  satisfactorily.  This  pro- 
cedure is  quite  logical  and  fully  justi- 
fied by  the  results,  although  it  can 
but  lead  the  reader  unversed  in  genetic 
practice  to  believe  that  the  inheritance 
of  the  majority  of  the  most  striking 
characters  is  quite  simple. 

The  present  paper  deals  with  a  char- 
acter fully  as  striking  as  most  of  its 
predecessors  in  this  series  but  differing 
from  them  in  the  mode  of  inheritance. 
This  character  is  manifested  by  the 
production  of  seed-l)earing  branches  at 
the  base  of  the  ear  and  clearly  repre- 
sents a  reversion  to  a  less  specialized 
form.  It  is  well  known  that  the 
terminal  panicles  of  tillers  or  suckers 
commonly  bear  pistillate  as  well  as 
staminate  s])ikelets  and  that  all  degrees 
of  the  production  of  seeds  in  these  in- 
florescences exist,  ranging  from  normal 
branched  staminate  ])anicles  to  infior- 
escences  completely  resembling  ears, 
having  no  branches  and  producing 
nothing  but  ]Mstillate  s])ikelets  on   fully 


de\eloped  cobs.  So  varied  are  the  in- 
tiorescences  of  suckers  that  in  order  to 
classify  the  different  sorts  we  have  es- 
tablished sixty  types  which  represent 
fairly  well  the  stages  from  the  normal 
branched  staminate  inflorescences  to 
unbranched  ears.  The  suckers  borne 
on  different  plants  range  in  type  from 
something  resembling  an  upper  floral 
branch  or  ear  to  a  replica  of  the  main 
stalk.  The  variations  in  the  type  of 
inflorescence  clearly  result  from  the  at- 
tempt to  adjust  a  bisexual  inflorescence 
on  a  monoecious  plant  which  normally 
has  the  sexes  in  separate  inflorescences. 
In  view  of  the  unstable  condition 
])revailing  in  the  character  of  the  in- 
florescences of  suckers  it  seems  note- 
worthy that  the  character  of  the  ear 
should  remain  so  constant  though  sep- 
arated from  the  suckers  by  but  a  few 
metamers  and  related  to  them  through 
an  unbroken  series  of  buds.  In  all 
maize  plants  there  is  a  section  of  sev- 
eral metamers  with  dormant  buds 
which  separates  the  pistillate  branches 
or  ears  from  the  vegetative  branches 
or  suckers  and  presumably  it  is  in  this 
transitional  section  that  the  character 
of  the  inflorescence  becomes  stabilized 
in  an   unbranched   ])istillate   form. 

Types  of  Branched  Ears 

Five  forms  of  branched  ears  are 
recognized,  of  which  bearsfoot  and 
ramose  are  the  most  common,  these 
having  formed  the  basis  of  theories  of 
the  origin  of  the  ear.  They  are  shown 
in  Figures  1,  "3  and  ',^. 

A  third  form  in  which  two  or  more 
entire  and  otherwise  normal  ears  are 
united  in  a  single  inflorescence  was 
found  bv  COllins  and   Dovle  at    fuxtla. 
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Mexico,  where  it  is  known  In'  the  name 
Qiiachi,  a  native  word  meaning  twins' 
(Figure  4).  This  style  of  branching 
also  is  inherited  but  owing  to  the  ex- 
tremely long  season  required  for  the 
growth  of  the  variety  producing  it  no 
accurate  analysis  has  been  possible. 
Seeds  from  the  original  open-pollinated 
ears  were  planted  in  southern  Florida 
and  while  the  growth  was  unsatisfac- 
tory the  nubbins  produced  ranged  from 
normal  unbranched  cobs  to  those  with 
as  many  as  four  branches  of  equal  size. 
Recognized  ]\Iendelian  ratios  were  not 
obtained  and  in  any  event,  owing  to  the 
open-pollination  of  the  i)arental  ears 
the  ratios  could  have  little  genetic  sig- 
nificance. 

A  fourth  form  of  branching  which 
is  of  rather  common  occurrence  espe- 
cially in  varieties  of  sweet  corn,  is  a 
branch,  or  more  rarely  two  or  more 
branches,  at  the  base  of  the  ear  inside 
the  innermost  husk  (Figure  3).  This 
branch  is  itself  enclosed  in  several 
husks  and  has  the  form  of  a  normal 
ear,  usually  with  more  than  four  rows 
and  very  rarely  with  well-developed 
seeds.  The  iniieritance  of  this  typ2 
of  branching,  though  as  yet  not  tested 
in  great  detail,  seems  very  similar  to 
that  of  the  fifth  form  to  be  discussed. 

The  fifth  form  of  branching  consists 
of  from  ont'  to  man\'  four-rowed 
branches  at  the  base  of  the  ear.  usually 
with  fully-developed  seeds.  Ihesc 
branches  are  naked  but  are  enclosed  in 
the  husks  which  envelop  the  ear  (Front- 
ispiece). It  is  with  this  type  of  branched 
ear  that  the  present  paper  deals,  and 
for  which  the  designation  "liranched 
car"  is  projiosed. 

Origin  of  "Branched  Ears" 

In  growing  a  large  block  of  inbred 
varieties  we  have  had  the  good  fortune 
to  self-i)ollinate  an  ear  showing  this 
latter  tyjie  of  branching.  The  original 
ear  from  which  this  variation  descend- 
ed was  received  from  Melvin  R.  (lil- 
niore.  Curator  of  the  Museum  of  the 
Nebraska      State      Historical      Society. 

'  COi.i.ixs.   (',.    X.   and   C.    B.    Dovi.k.      X 
Marcli.   ion.     Pp.  .'{01-320.     Illiis. 


This  ear  was  of  a  Pawnee  Indian  va- 
riety and  like  so  many  Indian  varieties 
had  eight  rows  of  seeds  while  the  plants 
grown  from  it  produced  many  suckers 
or  tillers.  Seeds  from  the  original 
normal  ear  were  planted  and  produced 
thirty-eight  normal  i)lants.  Of  these, 
five  were  hand-pollinated.  A  self -pol- 
linated ear  from  one  of  these  five  was 
planted  the  following  season  and 
eighty-eight  i)lants  were  raised.  Three 
of  these  plants  produced  branched  ears 
of  varying  degree.  The  most  extreme- 
Iv  branched  ear  had  eleven  l)ranches. 
all  four-rowed,  in  addition  to  the  cen- 
tral eight-rowed  s])ike.  This  ear  is 
shown  in  the  Frontispiece,  and  its  pedi- 
gree is  given  in  Mgure  5.  Only  the 
upper  ear  of  the  ])lant  was  branched 
but  two  ears  borne  on  tillers  were  bi- 
furcated at  the  tip. 

As  the  ])edigree  shows,  there  have 
been  four  generations  of  self-pollin- 
ated, branched  cars  and  as  yet  no  i)rog- 
enies  l)reeding  true-  for  branched  ears 
have  been  tjbtained.  This  behavior 
is  in  marked  contrast  with  that  of  the 
ramose  tyi)e  of  branched  ear  or  even 
that  of  the  bears  foot  or  fasciated  form. 

The  amount  of  branching  varies, 
though  never  approachiiig  the  ramose 
form  but  not  infrecjuently  the  upper 
ear  will  bear  one  or  n'.ore  branches  and 
the  lower  none.  The  tendency  for  the 
u])per  ear  to  be  more  branched  than 
the  lower  one  is  a  curious  phenomenon 
in  view  of  the  nature  of  the  abnor- 
mality, 'ihus  the  lower  ears  would  be 
exi)ected  to  a])])roach  suckers  mop- 
nearly  than  would  the  upper  ears  and 
if  there  are  to  be  differences  between 
them  in  the  amount  of  branching  the 
lower  ears  should  have  more  rather 
than  fewer  branches  than  upper  ears. 
This  tendency  for  lower  ears  to  have 
fewer  branches  than  u])per  ears  has 
been,  observed  in  the  case  of  interme- 
diate ramose  inflorescences  and  may  be 
attributed  to  differences  in  metabolism. 
It  is  well  known  that  the  upper  ear  o' 
multiple-eared  plants,  usually  is  the 
heaviest   and   as    it   jjrecedes   the    lower 

otcs   on    Soutlurii    Mexico.      Xat'l.    Ceo;/.    Maii. 
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cars  ill  tlowt'riiij^^  it  would  seem  to  be 
the  better  nourished. 

It  seems  not  unreasonable  to  sui)i)()se 
that  \i,L;(ir  would  increase  or  favor  a 
tendenc\-  to  branch  while  severely  un- 
favorable conditions  CM'tainly  would  re- 
sult in  the  suppression  of  branches. 
However,  if  this  were  the  whole  ex- 
l)lanation  of  the  variability  in  branch- 
ini(,  the  general  unfavorable  conditions 
which  caused  sui)pression  of  branches 
should  result  also  in  a  reduction  of  the 
size  of  the  ear  with  the  result  that  un- 
branched  ears  of  progenies  grown  from 
a  branched  jjarent  would  be  smaller 
than  the  branched  ears  in  the  same 
progeny.  Such  does  not  prove  to 
be  the  case ;  in  fact,  the  contrary 
seems  to  be  true  and  if  external  en- 
vironment is  to  be  considered  as  a  fac- 
tor in  the  production  of  branches  it 
must  be  assumed  that  this  factor  af- 
fects onlv  branching  rather  than  vigor 
in  general. 

While  environment  may  be  an  im- 
portant factor  in  the  suj)pression  or  de- 
velopment of  branches,  adjacent  plants 
in  a  row  undoubtedly  have  a  \ery 
similar  environment  and  when  one 
plant  produces  Ijranched  ears,  and  the 
next  unbranched  ones,  the  change  must 
be  in  the  nature  of  a  threshold  effect 
where  small  environmental  fluctuations 
have  acted  in  the  same  direction  with 
factors  controlling  branching.  If  this 
be  true  then  the  branched  progenies  of 
unbranched  ears,  jiroduced  in  progen- 
ies grow'u  from  branched  ears,  would 
be  expected  to  have  fewer  branched- 
eared  ])lants  than  the  i^rogenies  grown 
from  their  branch-eared  sibs. 

An  examination  of  the  pedigree 
chart  shows  that  the  progenies  from 
unl)ranched  ears  in  the  earlv  genera- 
tions had  fewer  branched  ears  than  the 
l)rogenies  fnim  branched  sister  ears 
but  that  in  the  later  generations  no 
such  difference  is  n;aintained.  In  fact. 
the  only  unbranched  progenv  in  the 
later  generations,  directly  descended 
from  the  original  branched  ear.  was 
from  a  branched-eared  parent.  There 
is  little  to  indicate,  therefore,  that  in 
the  later  generations  the  difference  l)e- 


tween  the  branched  and  unbranched 
condition  is  heritable  and  the  failure 
to  develoi)  branches  in  this  ])articular 
line  must  l)e  attributed  to  acciflents  of 
de\elo])ment. 

.\s  the  chart  shows,  live  progenies 
were  grown  from  the  self -pollinated 
plants  of  the  original  sowing  and  w^ith 
a  single  exception  all  the  branched 
ears  thus  far  ()l)tained  are  descended 
directly  from  only  one  of  these  five 
progenies. 

The  excejjtion  ap])eared  in  the  third 
generation  of  contmuous  inbreeding  of 
the  line  marked  X  in  I-^igure  o.  The 
pedigree  of  this  line  is  too  extensive  to 
publish,  but  104  progenies  have  been 
grown,  103  of  which  have  produced  no 
branched  ears  and  the  other,  one  plant 
with  a  branched  ear  and  twentv-six 
])lants  with  normal  ears. 

Seventy-four  [jrogenies  representing 
six  generations  ha\'e  now  been  grown 
from  the  eighty-eight  plants  of  the 
])rogeny  that  ])roduced  the  first 
branched  ears  and  from  these  progenies 
the  following  generalizations  are  possi- 
ble: 

The  progenies  of  branched-eared 
plants  have,  with  a  single  exception,  al- 
ways ])roduced  some  l)ranched-eared 
plants  and  since  the  percentage  of  such 
plants  usually  is  low  it  is  not  certain 
that  this  exceptional  progeny  which 
comprised  only  eighteen  ])lants.  would 
not  have  given  some  branched  ears  had 
a  larger  population  been  grown.  In 
this  case  if  the  expected  ratio  is  as- 
sumed to  be  4.8  unbranched  to  1 
branched  ( the  ratio  closely  approxi- 
mated in  sister  ])rogenies)  then  the 
observed  ratio  of  18  normal  to  0 
branched  plants  departs  from  the  as- 
sunied.'by  an  amount  which  would  be 
e.x])ected  to  occur  as  the  result  of 
chance  about  once  in  fifteen  times.  In 
the  entire  pedigree  there  are  thirtv-five 
cases  where  ]irogenies  have  been  grown 
from  self-pollinated  normal ,  plants  that 
had  branched-eared  sibs.  These  prog- 
enies are  not  of  the  branched  line 
shown  in  Figure  5  and  if  some  of  the 
unbranched  ears  of  these  ])rogenies  are 
heterozvgous  for  branching  two  classes 
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A   "BEARSFOOT"   EAR 

l.„.,  Ki-  1  Bcarsl.M.t  (.r  fasciatt-d  i-ars  an-  oik-  of  the  commonest  abnormali- 
ties of  maizf.  and  have  furnished  one  explanation  of  the  ..rigm  of  the  normal 
unbranched  form  <.f  ear.  Some  authorities  consider  the  many-rowed  ear  ot 
mai/e  to  be  the  result  of  fasciation  of  the  branches  ot  an  inflorescence  such  as 
shown  in  FiRure  3  (ripht).  and  ears  such  as  the  above  are  considered  to  be 
examples  of  imperfect  fasciati..n  wher.'  thr  .-..inponent  members  have  diMdcd 
OT   failed  to  unite. 


A    RAMOSE    EAR    OF    MAIZE 

Imgirk  2.  This  abnormality  consists  of  numerous  branches  which  decrease 
in  length  from  the  base  to  the  apex  of  the  ear.  The  normal  unbranched  ear  is 
considered  by  some  authorities  to  have  arisen  through  the  reduction  of  the 
branches  of  such  a  ramose  inflorescence  to  paired  spikelets.  The  inheritance  of 
this  form  of  branching  is  relatively  simple  and  its  reappearance  after  hvbridiza- 
tion   with  the  normal    form   can   he   predicted   with   accuracv. 
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TWO  TYPES  OF  BRANCHED  MAIZE  EARS 
Fkikk  •!  On  the  kit  is  shown  a  i..nn  with  branches  enclosed  separately  in  husks,  like 
those  of  tiie  principal  ear.  This  type  of  hraucltinR  seenis  to  he  ^^^^-^^'^  :^\JJ^'^  f  "  JJ^" ! 
manner  as  that  of  the  Pawnee  Indian  variety  (I-rontisp.ece ).  n  the  let  >^  -^  P^7»>> 
bifurcated  ear  of  maize,  a  type  which  stroti^'ly  su««ests  that  the  e.jrh  -rowed  ear  is  c  result 
..f  tlie  fusion  of  two  four-rowe<l  brancius.  This  lorm  ot  branching  may  be  the  same 
genetically  as  the  "bearsfoot"  !.r,-.n.  lime    shown  ni   j-igure    I. 


TWIN    EARS    OF    MAIZE 

Figure  4.  This  ear  was  found  at  Tuxla,  Mexico,  under  the  name  of  "Quachi."  a  native 
word  meaning  twins,  such  double  ears  being  common  in  the  variety.  This  type  of  branching 
is  known  to  be  inherited,  but  the  manner  of  inheritance  has  not  yet  been  determined. 


PEDIGREE  CHART 

OF 
BRANCHED  EARED 

MAIZE 


ORIGINAL  EAR 


THE  INHERITANCE  OF  BRANCHED   EARS 

FiciKK  T).  The  cars  l)rackrtid  tuRctlicr  are  from  the  same  progeny.  In  eacli  case  the 
number  of  plants  bcariiig  ears  of  the  type  shown  is  indicated  on  the  diagram.  Thus  in  V<i 
the  right-hand  pair  of  ears  represents  a  progeny  of  eighteen  plants,  fifteen  of  which  bore  un- 
branched  ears  while  the  other  three  bore  braneherl  ears.  From  the  ear  marked  X  in  Fi 
three  generations  of  progenies  were  grown  with  continuous  inbreeding;  in  all.  104  progenies. 
Only  one  of  these  progenies,  in  the  third  generation,  produced  a  single  plant  with  branched 
ears,  along  with  twenty-s:.\  normal-eared  ])lant>. 
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of  proj^t'iiic's  arc  to  he  cxiK'cted — those 
having  some  i)lants  hranched  and  those 
without  hranched  plants.  Of  the  thirty- 
five  ])rogenies,  eight  i)roduced  some 
hranched-eared  plants  anrl  twentv-scven 
only  normals. 

From  the  ratio  of  hranched  to  nor- 
mal-eared plants  in  the  hranched-ear3d 
strain  shown  in  Figure  5  it  seems  clear 
that  only  ahout  one-fifth  of  the  plants 
in  lines  carrying  the  factors  for  branch- 
ing exhibit  the  trait.  If  this  be  true 
for  the  Pawnee  ])opulation  as  a  whole, 
then  the  ex])ectcd  ratio  of  branched  to 
non-branched  progenies  in  a  population 
from  the  self-pollinated  non-branched 
plants  with  [branched  eared  sibs  would 
be  2.8  to  1.  while  the  observed  is  1  to 
3.4.  This  latter  ratio  closely  apjiroxi- 
mates  that  expected  on  the  basis  that 
branched  ears  result  from  the  combina- 
tion of  four  recessive  factors  and  that 
the  progenies  tested  were  heterozygous 
for  all  of  them,  a  condition  which  fails 
of  support  on  other  counts.  With  the 
small  number  involved  it  seems  idle  to 
speculate  further'  on  a  possible  factorial 
analysis  especially  since  linked  factors 
or  even  chromosome  reduplication  mav 
he  involved. 

A  single  line  from  one  of  the  eighty- 
five  unbranched  ears  occurring  later  in 
the  pedigree  has  been  followed  for 
two  generations  without  branches  but 
such  cases  require  no  especial  explana- 
tion. 

It  is  clear  from  the  pedigree  of  the 
branched  ear  shown  in  Figure  5  that 
a  line  has  been  isolated  from  the 
Pawnee  strain  which  can  be  relied 
upon  to  produce  some  plants  with 
branched  ears  irrespective  of  the  na- 
ture of  the  immediate  parent.  There 
can  be  little  doubt  that  this  tvpe  of 
branching  is  an  inherited  character  for 


which  the  original  branched  ear  was 
homozygous.  Repeated  self-pollination 
does  not  .serve  to  stabilize  the  amount 
of  branching  and  the  percentage  of 
non-branched  plants  does  not  decline. 
The  variability  in  branching,  theref(jre, 
cannot  be  attributed  to  the  influence  of 
hereditary  modifying  factors  and  must 
be  considered  as  a  phenomenon  of  ex- 
pression rather  than  transmission. 

Some  of  the  progenies  of  unbranched 
plants  having  branched  sibs  related  to 
but  not  of  the  above  line  plainly  are 
heterozygous  for  the  branched  charac- 
ter while  others  seem  homozygous  for 
its  allelomorph  but  the  ratio  of  heter- 
ozygous to  homozygous  progenies  is 
not  orthodox.  This  behavior,  however, 
indicates  that  the  branched  character  is 
recessive  to  the  normal  form  and  per- 
mits the  prediction  that  all  self -pollin- 
ated branched  ears  will  produce  some 
branched-eared  plants  but  the  uncer- 
tainty with  which  such  ])lants  appear 
renders  this  character  of  little  value  in 
testing  linkages.  The  fact  must  not  be 
overlooked,  however,  that  the  mode  of 
inheritance  of  branched  ears  is  charac- 
teristic of  a  large  class  of  characters 
which  seem  so  delicately  balanced  as  to 
require  some  special  conditions  in  on- 
togeny for  complete  expression.  That 
internal  developmental  factors,  quite 
aside  from  external  influences,  play  a 
large  i)art  in  the  expression  of  struc- 
tural characters  must  be  recognized  and 
the  accumulation  of  data  on  the  in- 
heritance of  the  more  regular  charac- 
ters should  not  be  allowed  to  obscure 
this  fact.  Such  characters  are  to  be 
expected  in  view  of  the  complicated 
chemical  reactions  involved  and  should 
not  be  urged  as  examples  of  non- 
Mendelian  inheritance  even  though  in 
these  cases  the  existence  of  stable  he- 
reditarv  units  can  not  be  demonstrated. 


Mendelian  Dominant,  Or  Maternal  Impression? 

A  schoolmaster  wrote  the  following  When  the  father  signed  the  report 
criticism  on  the  edge  of  a  boy's  report  and  sent  it  back  the  card  bore  in  ad- 
card  :  ^"A  good  worker,  but  talks  too  dition  to  his  signature  this  report : 
'""^^^i-"  "You  should  hear  the  mother." — Judge. 


A  TWO-HEADED  LAMB 

Jonx   Robertson 
'/'iifta    Harry.    Orkney    Ishiiuis.    Scothnui 


T\\\i  accompanying  ijliotoi^raph  is 
of  a  preserved  and  mounted 
specimen  of  two  heads  of  a 
lanil)  on  one  neck  and  united  at  the 
bases  of  the  skulls.  The  local  veterin- 
ary surjTjeon.  C"ai)tain  l-Lady.  was  called 
out  to  attend  the  case  in  the  neij^jhhor- 
hood  on  A])ril  10th.  li>"^"^,  and  as  far 
as  could  he  ascertained  the  ewe  showed 
no  apparent  abnormality  on  first  ex- 
amination, one  head  and  two  forelegs 
being  (|uite  normally  ])resented  in  the 
])assage.  On  further  examination  a 
second  head  could  be  traced  to  the 
same  neck  and.  after  careful  munipula- 


tion,  the  lamb  was  deliNer^'d.  breathing 
alternately  from  one  head  to  the  other. 
As  the  owner.  Mr.  Smith,  of  Wink- 
setter,  had  no  wish  to  keep  it  alive,  the 
lamb   was  destroyed   by   the   veterinary. 

The   post   mortem   revealed   a   perfectly 

normal  lamb,  except  for  the  two  heads. 

A    second    lamb    was    also    delivered. 

This  was  normal  and  alive.  It  is 
curious  to  note  that  the  same  ewe  was 
attended  by  Captain  I'2ady  on  May  4th. 
II'-' I.  and  a  dead  lamb  removed  with 
some  difficidty.  Mad  this  anything  to 
do  witli  th?  ])resent  freak  of  nature? 


BIOLOGY  IN  HUMAN  PROGRESS 

Urbanism  the  Underlying  Cause  of  Social  Fermentation  and  Decay 

of  Civilization 

().  F.  Cook 
U.   S.    Pcpartuicut   of   Ai/ricitltitrc 


TWE  time  may  soon  come  when  tive  cultures  were  abortive,  ancl  why 
civilization  will  be  studied  as  a  the  most  ancient  and  enduring-  civil- 
branch  of  biology,  and  com-  izations  were  those  of  Egypt,  India 
jiared  with  other  social  phenomena  of  and  China,  in  the  flood-plains  of  rivers 
the  plant  or  animal  world.  The  limit-  where  the  soil  is  continually  renewed, 
ing  factors  of  civilization  are  being  Some  of  the  former  centers  of  civil- 
sought  by  many  writers  in  actual  con-  ization  are  now  entirely  deserted,  or 
ditions  and  influences,  instead  of  rely-  the  populations  have  changed  so  that 
ing-  upon  abstract  ideas  or  believing  the  capable  races  of  ancient  times  are 
that  i)rogress  must  run  in  fixed  cycles  only  doubtfully  recognized  among  the 
of  growth  and  decay.  This  is  a  con-  modern  inhabitants.^ 
structive  tendency  that  may  gain  for  Urban  deterioration  of  advanced 
our  civilization  a  sense  of  scientific  races  is  another  biological  factor  that 
foresight  and  j)owers  of  conscious  ad-  helps  to  explain  wdiy  civilizations  are 
justment.  to  avoid  mistakes  that  have  self-limiting.  During  the  agricultural 
destroyed  ])receding  systems.  period  the  development  of  a  race  may 
Civilization  is  the  world  we  live  in.  l3e  supposed  to  continue,  since  the 
the  aggregate  product  of  human  evo-  more  capable  families  are  gradually 
lution,  down  to  the  present  time.  The  improving  their  environmental  condi- 
tendencies  of  human  evolution  will  de-  tions,  and  have  better  chances  of  sux- 
termine  the  future  of  our  system  of  vival.  But  when  the  period  of  urban 
culture  and  of  our  posterity,  as  the  civilization  is  reached  the  tendencies 
fates  of  other  systems  and  other  peo-  to  race  improvement  are  reversed, 
pies  have  been  determined  in  the  past.  The  capable  families  are  attracted  to 
VVar  is  the  traditional  destroyer  of  the  cities,  where  conditions  are  less 
peoples,  but  military  supremacy  does  favorable  for  normal  individual  de- 
not  keep  nations  from  decay  or  from  velojMTient  or  for  maintaining  the 
suicidal  courses,  as  is  seen  in  ancient  capable    stocks.      Talented    individuals 


of  an  advanced  race  are  not  more  like- 
ly to  leave  descendants,  but  to  form 
a  smaller  minority  in  each  generation, 
as  Galton  recognized. 

If     the     effects     of     urbanism     were 
more  clearly  recognized  as  an  agency 


Rome  or  in  modern  Germany. 

Limiting  Factors  in  Human 
Development 

Some  of  the  early  systems  of  civil- 
ization were  self -limiting  for  agricul- 
tural reasons.  The  production  of  food  for  the  elimination  of  less  desirable 
could  not  be  maintained  after  the  for-  stocks,  the  city  might  serve  an  impor- 
est  vegetation  was  exterminated,  be-  tant  function  in  human  development, 
cause  the  grasslands  that  replaced  the  but  superior  families  that  go  to  the 
forests  could  not  be  cultivated  by  the  city  and  deteriorate  are  a  i)ermanent 
l)rimitivp  methods  of  agriculture,  loss  to  the  race.  The  outlook  for 
This  would  explain  why  many  primi-  eugenic  progress  is  small  if  the  urban 

'  Cook,  O.  F.     Milpa  Agriculture,  a   Primitive   Tropical   System.     From  the   Sniillisoiiian 
Report   for   ]91<).     Pp.   307-32(i. 
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tendency  to  selective  elimination  of  the 
more  capable  families  is  to  remain 
dominant  in  our  civilization.  At  least 
it  is  a  hopeful  sign  that  restrictive 
efifects  of  urbanism  on  human  develop- 
ment are  being  recognized  more  clear- 
ly. An  article  by  Dean  Inge  on 
"Democracy  and  the  Future,"  in  the 
Atlantic  Monthly  for  March,  1922. 
contains  an  acute  analysis  of  the  ef- 
fects of  urban  industrial  conditions  as 
responsible  for  mental  as  well  as  for 
moral  deterioration,  and  for  marked 
anti-social  tendencies  in  Europe  and 
America. 

More  and  more  I  am  driven  to  the  con- 
viction that  social  unrest  is  an  ineradicable 
disease  of  town  life.  The  war  is  between 
town  and  country;  between  the  countryman, 
who  lives  under  natural  and  wholesome 
conditions,  and  the  townsman,  who  lives 
under  conditions  which  are  neither  natural 
nor  wholesome.  Allow  me  to  quote  from 
an  American  writer,  Mr.  Alleyne  Ireland. 
"The  average  voter  in  a  large  town  brings 
into  politics  a  mentality  utterly  different 
from  that  of  the  country  voter.  It  is  the 
mind  of  the  propcrtyless  wage-earner;  of 
the  clerk,  of  the  shop-assistant,  of  the  day 
laborer;  of  a  man  herded  with  other  men 
and  profoundly  affected  by  the  herd-in- 
stinct; of  a  man  of  weak  individuality;  of 
a  man  who  spends  his  working  hours  doing 
things  for  other  people,  and  his  leisure 
hours  in  having  things  done  for  him  by 
other  people ;  of  a  man  whose  life  is  passed 
in  surroundings  entirely  created  by  ma- 
chinery, and  in  circumstances  where  his 
free  will  is  perpetually  constrained  by  the 
contagion  of  an  artificial  environment;  of 
a  man  who  knows  (or  at  any  rate,  of  whom 
it  is  known)  that,  if  he  drops  dead  while 
at  work,  he  can,  in  normal  times,  be  re- 
placed in  an  hour  by  another  man  who  will 
dr.  just  as   well." 

Mr.  Ireland  goes  on  to  show  that  such  a 
man,  whose  whole  existence  is  passed  in 
the  feverish  occupations  of  earning  wages 
and  spending  them,  who  is  never  brought 
into  contact  with  the  real  origins  of  thincs. 
and  is  incapable  of  realizing  the  mesh  of 
causation  in  which  he  is  entangled,  natural- 
ly looks  to  government  to  supply  him  with 
all  that  he  needs,  and  to  redress  all  his 
grievances.  The  two  nations  of  which 
Disraeli  spoke  in  .S'i/>y/  are  not,  as  he  sup- 
posed, the  rich  and  the  poor ;  they  arc  the 
town  and  the  country.  .And  industrialism 
has  thrown  the  balance  of  power  into  the 
hands  of  that  section  which,  through  no 
fault  of  its  own,  is  stricken  with  an  in- 
curable malady. 


This  is  what  my  medical  friends  would 
call  a  sombre  diagnosis.  It  is  very  sombre 
irdeed,  as  regards  my  own  country,  with 
its  congested  towns  and  limited  rural  area. 
It  does  not  seem  to  be  a  disease  which  any 
form  of  government  can  cure.  A  Russian 
revolution  would  cure  it  in  a  way — by  kill- 
ing the  patient.  The  evils  of  industrialism 
might,  no  doubt,  be  terminated  by  exter- 
minating the  industrialists.  But  the  towns- 
man of  Europe  and  America  has  no  mind 
to  commit  suicide,  and  unlike  the  Russian, 
he  is  capable  of  sane  reflection.  In  Amer- 
ica he  will  probably  come  round  to  the 
policy  which  has  long  found  favor  in  Aus- 
tralia and  New  Zealand;  he  will  stop 
immigration   from  the  backward   races. 

New  Zealand  has  escaped  the  evil  of 
large  cities,  and  has  kept  its  population 
almost  exclusively  British.  This  policy 
has  retarded  the  development  of  the  coun- 
try ;  and  those  who.  like  many  Americans, 
are  affected  with  a  pathological  worship 
of  mere  numbers,  will  think  that  the  New 
Zealandcrs  have  not  made  the  most  of  their 
opportunities.  The  case  is  arguable  on 
both  sides.  Personally.  I  am  disposed  to 
tliink  that  the  old  American  stock,  which, 
until  that  disastrous  Civil  War.  was  the 
finest  in  the  world,  has  been  too  much 
diluted  during  the  last  half  century  with 
infusions  of  inferior  blood.  But  America, 
the  most  fortunate  of  countries,  may  make 
with  impunity  mista1<es  which  would  be 
disastrous   in  older  nations. 

I  have  made  a  diagnosis  of  the  malady 
from  which  all  civilized  nations  are  suffer- 
ing. I  have  suggested  no  remedy,  because 
I  do  not  know  where  the  remedy  is  to  be 
found.  If  the  disaffection  of  the  town- 
dweller  cuntinues  to  grow  and  fester.  Dem- 
ocracy  may    fall,   and   civilization   with    it. 

Effects   of  Environment 

Nevertheless,  tiie  hope  of  finding  a 
remed}'  is  greatly  increased  when  the 
cause  of  a  disease  is  determined.  If 
more  of  our  economists  and  construct- 
ive reformers  could  sec  with  Inge  and 
Ireland  that  urbanism  is  resi)onsible 
for  social  derangements,  measures  of 
inii)r()vement  might  be  considered  with 
better  puri)()se.  The  moral  and  ])olit- 
ical  dangers  of  url^anism  have  licen 
recognized,  of  course,  for  centuries, 
and  hope  has  been  placed  in  moral  and 
inthtical  remedies,  l)ut  these  arc  i)rov- 
ing  as  ineffective  in  American  cities, 
as  in  other  parts  of  the  world. 

The  efifects  of  different  environ- 
ments upon  the  growth  of  plants  and 
animals  are  iK'ing  determined  by  scien- 
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titU-  iiu'thods,  so  that  the  best  condi- 
tions and  treatment  may  he  provided, 
to  facihtatc  tlie  j^roduction  of  food 
and  industrial  raw  materials,  but 
hiniian  biolojj^y  is  an  undeveloped 
branch  of  the  science.  Little  consid- 
eration is  ijiven  to  the  effects  of  the 
human  environments,  except  to  avoid 
the  limits  of  starvation  or  disease.  To 
raise  a  _o-ood  crop  of  corn  or  cotton  we 
know  that  the  best  seed  must  be  se- 
lected and  that  the  most  favorable  cul- 
tural conditions  must  be  maintained, 
but  the  need  of  similar  precautions  in 
human  development  is  neg^lected.  even 
in  the  educational  systems  of  ad- 
vanced nations. 

The  effects  of  urban  environment 
are  like  those  of  parasitism  amon.<( 
plants  and  animals,  which  biolojcjists 
treat  as  a  degenerative  condition. 
Compared  with  free-living  types,  para- 
sites are  inactive,  inept,  and  infertile. 
In  many  different  groups  where  para- 
sitic habits  have  been  adopted  the 
general  result  is  the  same.  Many 
organs  and  functions  that  in  free-liv- 
ing grouj^s  are  highly  developed  be- 
come weakened  or  are  lost  entirely 
among  sedentary  parasites.  Cities  are 
parasitic  not  only  in  being  supi)orted 
from  the  outside,  but  the  arts  of  self- 
supporting  existence  are  lost,  as  with 
other  parasites. 

The  difference  is  not  merely  that  the 
farmer  works  in  the  open  air  while  the 
city  cousin  works  in  a  shop  or  an 
office.  The  physical  conditions  may 
be  important,  but  many  other  fea.- 
tures  must  be  considered  in  comparing 
the  environments  and  determining 
their  effects.  Contacts  with  nature 
are  enforced  by  the  conditions  of  rural 
life.  The  change  of  seasons,  the  di- 
versity of  crops  and  weeds,  and  the 
care  of  different  kinds  of  domestic  ani- 
mals, to  say  nothing  of  the  wild  flow- 
ers, birds  and  insects,  make  the  life  of 
the  farm  utterly  different  from  the  life 
of  the  city.  The  farmer's  work  is  not 
a  simple  routine,  but  endlessly  varied 
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and  rc'(|uiring  a  continuous  exercise  of 
judgment  to  decifle  what  must  be  done 
first,  and  to  fit  the  different  tasks  to- 
gether t(t  the  best  advantage.  An 
active  farmer  takes  a  vastly  more 
complex,  exacting  and  continuous  re- 
sponsibility than  the  urban  worker 
who  does  the  same  thing  every  day, 
and  has  no  responsibility  when  "off 
duty."  The  mind  of  the  urban  worker 
is  formed  by  the  uniform  reactions  of 
machinery  rather  than  by  the  varied 
contacts  with  nature  or  with  living 
things.  "We  take  our  industrial  and 
commercial  standards  from  the  ma- 
chine," as  one  writer  says,  and  chiefly 
tor  the  reason  stated  by  Inge,  that  the 
urban  worker  is  "a  man  whose  life  is 
passed  in  surroundings  entirely  created 
by  machinery."  The  contacts  would 
not  be  so  restricted,  if  urbanism  were 
not  carried  to  excess. 

The  Basis  of  a  Permanent  Civilization 

It  is  a  mistake  to  supnose  that  civil- 
ization is  a  matter  of  cities  alone. 
Agriculture  is  the  constructive  stage 
of  civilization,  urbanism  the  stage  of 
deterioration  and  decline.  The  condi- 
tions that  permitted  the  develojiment 
of  the  arts  and  social  adjustments  to 
the  point  where  cities  of  non-produc- 
ers could  be  supported,  were  the  con- 
ditions of  primitive  agricultural  life, 
with  families  living  separately  upon 
the  land  and  children  associating  with 
their  parents  so  that  the  experience 
of  the  successive  generations  was  ac- 
cumulated. Many  primitive  peoples 
went  ])rematurely  into  urbanism  by 
living  in  communal  dwellings  or 
crowded  settlements  and  restricted 
their  possibilities  of  development,  be- 
cause the  children  of  such  communi- 
ties herd  together  and  have  less  asso- 
ciation with  their  parents." 

The  failure  of  ability  to  develop 
under  the  urban  condition  is  seen  in 
the  waste  of  youth  that  each  genera- 
tion laments.  Ability  in  the  country 
may  not  be  developed,  but  is  likely  to 
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lM(a  RK  7.  "It  is  inttrcstiiiji  to  cuiit(.nii)l;itr  an  tiitaHKli-d  l)aiik,  clntliid  with  many  plants 
of  many  kinds,  with  Ijirds  sin^in^'  in  the  hushis,  uitli  various  insects  flitting  about,  and  with 
worms  crawling  throu>;h  the  damp  earth,  and  to  reflect  that  these  elaborately  constructed 
forms,  so  different  from  each  other,  and  depiiident  on  each  other  in  so  complex  a  manner, 
have  all  been  produced  by  laws  acting  around  us.  .  .  .  There  is  a  grandeur  in  this  view 
of  life,  with  its  several  powers,  haviuR  been  orij?inally  breathed  into  a  few  forms  or  one: 
and  that,  wliilst  this  i)lanet  has  gone  cyclinii  on  according  to  the  fixed  laws  of  gravity,  from 
so  simple  a  beginning,  endless  forms  most  Inautiful  and  most  wonderful  have  been,  and  are 
Ix'ing.  eviilved."  — i'linrlcs    I^arwiu. 


THE  URBAN  ENVIRONMENT 
FiGLRK  8.  "The  average  voter  in  a  large  town  brings  into  politics  a  mentality  utterly 
different  from  that  of  the  country  voter.  It  is  the  mind  of  the  propertylcss  wage-earner,  of 
the  clerk,  of  the  shop  assistant,  of  the  day  laborer,  of  a  man  herded  with  other  man  and 
profoundiv  affected  bv  the  herd  instinct,  of  a  man  of  weak  individuality,  of  a  man  who 
spends  his  working  hours  doing  things  for  other  people,  and  his  leisure  hours  in  having  things 
done  for  him  bv  other  people;  of  a  man  whose  life  is  passed  m  surroundings  entirely  created 
by  machinerv,  "and  in  circumstances  where  his  free  will  is  perpetually  constrained  by  an 
artificial  environment,  who  is  never  brought  into  contact  with  the  real  origins  of  things,  and 
is   incapable  of   realizing  the   mesh  of   causation   in   which   he   is   entangled.  —Allcyuc   Ireland. 
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be  transmitted,  while  either  develop- 
ment or  transmission  of  abihty  is  less 
Hkely  in  the  city.  The  abihty  that 
fails  of  transmission  is  a  permanent 
loss  to  the  race. 

Tf  urban  populations  did  not  deterior- 
ate, but  maintained  a  normal  rate  of 
increase,  the  cities  might  fill  up.  and 
a  balance  of  urban  and  rural  popula- 
tions would  be  established.  There 
would  not  be  a  continued  draft  uoon 
the  country,  if  the  urban  conditions 
were  not  destructive.  But  always 
there  are  inducements  for  capable  men 
in  the  city,  the  recent  arrivals  com- 
peting- successfully  with  the  less  ener- 
getic or  resourceful  natives  of  the 
city,  and  sending  for  their  rural  kin- 
folks  to  come  in  and  share  their  pros- 
perity, in  the  easier  life  of  the  city. 
The  rural  immigrant  sees  it  as  an  ad- 
vantage to  him  that  the  urbanites  are 
less  capable,  not  realizing  that  his  own 
children  will  share  the  same  limita- 
tions. Thus  it  is  in  the  nature  of 
cities  to  be  calling  always  for  more 
peo])le.  who  go  in  and  are  consumed, 
the  parents  sacrificing  their  children 
as  in  the  davs  of  Moloch.  The  ancient 
rural  gods  were  supposed  to  be  satis- 
fied with  the  blood  of  the  first-born, 
but  our  urban  dieties  take  the  whole 
familv.  It  is  our  immoral  custom  to 
sacrifice  posterity  to  "jirosperity." 
The  limited  urban  environment  and 
the  selective  draft  upon  the  rural 
population  work  together  to  de])lete 
the  human  stock.  The  race  sufTers  as 
a  whole,  until  the  basis  of  civilization 
is  destroyed.  The  "cycle  of  civiliza- 
tion" comes  to  an  end.  because  the 
adjustments  of  a  complex  social  struc- 
ture are  not  to  be  maintained  by  a  de- 
])lete(l  and  inca|)al)le  ])opulation. 

The  urban  environment  is  too  re- 
stricted for  the  nomial  exercise, 
growth  and  satisfaction  of  the  human 
instincts,  senses  and  abilities.  h'ull 
development  of  the  ])hysical,  mental 
and  social  stature  is  seldom  attained, 
and  everybody  is  discontented  wln> 
feels  that  he  is  being  deprived  of  a 
normal  existence.     Rich  urbanites  mav 


suffer  from  this  feeling  of  inadequacy 
as  acutely  as  the  poor,  and  with  as 
little  understanding  of  the  cause. 
Lack  of  practical  judgment  and  aberra- 
tions of  many  kinds,  in  amusements, 
dissipations,  narcotics,  crimes  and 
conspiracies  are  to  be  reckoned  as 
symptoms  of  urban  deterioration. 
Nervous  prostration  of  the  individual 
and  radical  upheavals  of  urban  masses 
may  be  traced  to  the  same  underlying 
cause,  the  monotony  and  tension  of 
urban  existence.  The  danger  of  de- 
structive mass  movements  at  the  pres- 
ent time  is  increased  by  the  doctrine 
of  socialism  that  ascribes  all  of  the 
urban  lesions  to  economic  inequality. 
Because  abuses  exist  it  would  abolish 
the  institution  of  private  property,  and 
especially  property  in  land.  The 
socialist  remedy  for  urban  deterior- 
ation would  make  the  city  more  actively 
])arasitic  u])on  the  country  and  de- 
stroy civilization  more  raj^idly.  Only 
disaster  could  be  expected  through  the 
control  of  the  country  from  the  city, 
which  socialism  would  establish. 

1'he  course  of  history  shows  no 
remedy  for  urban  deterioration  and 
decay,  no  solution  of  the  urban  prob- 
lem. Probably  there  is  no  artificial 
way  to  make  good  the  effects  of  lim- 
ited environment  in  restricting  the  de- 
velopment of  the  individual  and  caus- 
ing the  deterioration  of  the  race 
through  adverse  selection.  I'rbanism 
is  a  dvsgenic  condition,  "dreat  cities 
are  the  sink  holes  of  the  human  race, 
the  places  where  the  blood  deteriora- 
tes, sterilizes  and  runs  out."  Urban- 
ism  needs,  of  course,  to  be  studied  and 
its  lesions  carefully  determined,  but  a 
phenomenon  that  is  to  be  investigated 
in  detail  must  first  be  recogiuzed. 

The  American  Ideal 

.\merica.  fortunately,  is  not  yet  ur- 
banized to  the  extent  of  the  industrial 
countries  of  Euro|)c.  With  us  there 
are  still  living  in  the  country  many 
l)cople  who  think  and  are  iearning 
practical  ways  of  restricting  the  com- 
mercial    parasitism     of     cities.       This 
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effort  is  niisuiiderstood,  of  course,  by 
those  who  hcHeve  that  the  country 
owes  the  city  a  livins:,  and  also  by 
those  who  think  of  farniino;'  as  only 
one  trade,  one  branch  of  "industry," 
and  deserving'  of  no  special  considera- 
tion. In  reality  agriculture  is  not  a 
mere  branch  of  civilization,  but  is  the 
root  of  the  whole  tree,  the  root  that 
has  produced  and  now  has  to  support 
all  the  branches  of  urban  activity, 
along  with  the  idle  and  parasitic  ele- 
ments that  figure  so  largely  in  urban 
populations.  It  is  beside  the  point  to 
complain  that  the  man  who  tills  the 
soil  is  "compelled  to  bear  the  burden 
of  the  social  structure."  since  there  is 
no  other  way  for  the  social  structure 
to  be  supported.  The  tree  must  have 
its  root,  and  the  root  must  function  if 
the  tree  is  to  grow,  but  parasites  may 
distort  or  kill  the  tree,  and  our  mod- 
ern civilization  is  rather  heavily  in- 
fested. The  branches  are  fringed 
with  mistletoe,  and  many  kinds  of 
broom-rapes  and  beechdrops  are  sap- 
ping the  root.  Only  as  we  assess  the 
burden  of  urban  parasitism  can  we 
begin  to  comprehend  the  true  possi- 
l)ilities  of  a  symmetrically  developed 
rural  civilization,  which  is  the  x\meri- 
can  ideal. 

The  purpose  of  founding  a  rural 
civilization,  expressed  with  so  much 
conviction  by  Washington  and  Jeffer- 
son, has  been  relaxed.  We  are  toler- 
ant and  even  boastful  of  our  large 
cities,  and  take  it  for  granted  that 
sanitation  and  engin-^ering  improve- 
ments will  avoid  the  deterioration  of 
urban  population.  Our  mental  habit 
is  to  ignore  the  dehumanizing  effects 
of  urban  industrial  conditions  and 
then  to  be  surprised  and  horrified  by 
the  barbarism  and  brutality  that  ap- 
pear, as  in  the  relations  of  capital  and 
labor.     Germanv  was  most  scientifical- 


ly urbanized  and  stood  in  the  first 
rank  of  industrial  and  commercial 
nations,  but  staked  all  her  attainments 
on  a  predatory  war. 

If  we  could  accept  the  diagnosis 
that  the  urban  state  of  mind,  "the 
worship  of  mere  numbers,"  is  patho- 
logical, eugenics  and  other  human 
welfare  considerations  would  begin  to 
figure  in  social  and  economic  studies. 
Conditions  and  measures  would  be 
judged  by  the  eugenic  standard  of 
improvement  of  the  race.  We  would 
see  that  the  city  as  a  human  environ- 
ment is  a  mistake,  and  the  question 
of  abating  the  urban  malady  of  civil- 
ization might  be  approached  on  con- 
structive lines.  One  of  the  first  steps 
would  be  to  develop  a  better  system 
of  education,  so  that  people  would  not 
be  trained  merely  for  the  city,  or  for  a 
"semimonastic"  existence  with  late 
marriages  and  few  children.  Some 
talk  there  has  been  of  country  life 
education,  but  little  of  the  reality  as 
yet,  for  the  educational  value  of  coun- 
try life  has  still  to  be  recognized  by 
the  urban  specialists  who  dominate  the 
educational   profession. 

The  other  problems  would  be  solved 
if  more  of  our  capable  young  people 
l)ecame  intelligent  enough  to  remain  in 
the  country.  The  adverse  selection  will 
go  on  as  long  as  the  schools  are  pro- 
curers for  the  city.  Thousands  of  ur- 
banized teachers  are  telling  the  children 
everv  day.  even  in  rural  schools,  that 
the  real  life  is  in  the  city.  To  fire  the 
mind  of  youth  with  the  idea  that  the 
great  prizes  of  life  are  to  be  captured 
in  the  city  is  essentially  immoral,  and 
must  be  condemned  and  counteracted 
as  a  betrayal  of  the  race.  Undoubtedly 
the  life  of  the  city  often  is  much  easier 
than  that  of  the  country,  but  certainly 
the  ease  and  luxury  of  the  city  are  not 
the  highest  ideals,  and  urbanism  for 
the   race   is  clearlv  suicidal. 
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THIS  little  book  of  218  pa^^es 
contains  a  large  amount  of  in- 
formation in  compact  and  read- 
able form.  It  is  intended  as  a  popular 
exposition  of  the  imj)ortant  field  of 
the  g-lands  of  internal  secretion  in 
their  relation  to  bodily  function  and 
growth.  The  author  has  made  a  sin- 
cere effort  to  bring-  the  subject  within 
the  grasp  of  the  general  reader  and 
has  for  the  most  part  been  successful, 
although  the  subject  is  one  through 
which  it  is  most  difficult  to  steer  a 
straight  course,  when  it  comes  to  the 
problem  of  popularization.  He  is, 
above  all.  to  be  commended  for  his 
sanity  and  for  his  stern  refusal  to  be 
enticed  into  sensationalism  however 
well  it  might  strike  the  popular 
fancy.  This  scientific  attitude  is  the 
keynote  to  the  book.  There  is  also  a 
very  useful  bibliography  that  will 
prove  of  value  to  many. 

He  gives  a  very  lucid  discussion  of 
the  nature  of  the  endocrine  glands  in 
general,  explaining  the  manner  in 
which  they  function  and  dealing  with 
such  timely  cpiestions  as  their  rela- 
tion to  vitamines.  Very  properly 
most  attention  is  given  to  the  thyroid, 
pituitary,  i)ancreas.  the  germ  glands, 
and  the  adrenals.  His  treatment  of 
the  thyroid  gland  is  tyi)ical  of  the 
scoi)e  of  the  work.  He  describes  its 
location,  considers  thyroid  deficiency 
diseases,  deals  with  the  effects  of 
oversecretion,  and  then  proceeds  to  a 
discussion  of  the  general  i)rinciples  of 
nietabcdism  and  the  way  in  which  the 
thyroid  gland  is  involved.  The  more 
important  lines  of  experimental  work 
are   discussed    and    an    account    of   the 


biochemical  aspects  of  the  gland  con- 
cludes the  chapter.  Throughout  he 
makes  specific  reference  to  the  work 
of  various  authors — a  necessary  treat- 
ment in  a  subject  of  conflicting  views 
such  as  this.  The  cha])ter  on  the 
pituitary  gland  is  handled  in  nuich 
the  same  style,  and  the  same  may  be 
said  of  the  book  as  a  whole. 

It  is  not  surprising  that  in  a  subject 
so  new  and  so  full  of  conflicting  o])in- 
ions  the  author  should  lay  himself 
open  to  criticism  here  and  there.  If 
only  for  the  sake  of  conscientiously 
l)laying  the  part  of  reviewer  we  may 
offer  a  few  criticisms.  For  instance, 
he  says.  "The  pituitary  body  like  the 
thyroid  consists  of  two  parts,  two 
lobes."  Not  f)nly  in  this  but  in  later 
statements  he  shows  ignorance  of  the 
more  recent  work  in  which  the  inter- 
mediate lobe  and  the  pars  tuberalis 
])ortions  have  l)een  added  to  our 
knowledge  of  this  comjxjsite  gland  or 
rather  collection  of  glands.  In  any 
case  the  com])arison  with  the  homo- 
geneous thyroid  is  rather  unfortunate; 
1)ut  this  is  merely  a  fault  of  exi)res- 
sicjn.  because  he  discusses  most  fully 
and  entertainingly  the  differences  in 
function  betwen  the  anterior  and  i)os- 
terior  lol)es. 

We  can  look  with  tolerance  on  such 
misuse  of  words  as  that  of  calling  the 
])roduction  of  ova  by  the  ovary  a 
])roccss  of  secretion.  In  the  chapter 
on  the  relation  of  the  ductless  glands 
to  one  another  one  might  take  issue 
with  the  statement  that  "removal  of 
the  thyroid  gland  causes  enlargement 
of  the  jMtuitary  and  z'icr  versa."  The 
removal  of  the  thyroid  gland  does 
cause  hy])ertrophy  of  the  anterior  lobe 
of  the  pituitary  gland,  but  the  removal 
of  the  pituitary  gland  causes  a  reduc- 
tion in  si/e  or  even  atrophy  of  the  thy- 
roid  gland.      We   must   take   exception 
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to  his  statement  that  "castration  does 
not  seem  to  have  much  influence  on 
the  thyroid  g-land."  Koch  has  shown 
that  it  becomes  very  small  in  castrated 
members  of  the  skoptch  sect  in  Russia 
and   Roumania. 

'i'he  author  chives  a  very  g-ood  ac- 
count of  the  interestin.cc  rejuvenation 
experiments  by  implantation  of  j^erm 
glands,  vasectomy,  and  use  of  X-rays, 
and  gives  a  fairly  full  discussion  of 
the  v^ork  of  VaronofF.  Steinmach,  and 
others.  PTe  might  well  have  mentioned 
the  interesting  work  of  Dr.  Stanley  of 
the  California  State  Prison  at  San 
Quentin. 

Dr.  Harrow  also  presents  an  inter- 
estingf  and  well  balanced  account  of 
the  controversy  betwen  Cannon  and 
Stewart  upon  the  res]:)onse  of  the 
adrenal  glands  to  emotional  excite- 
ment. He  makes  a  well  justified  at- 
tack u})on  the  extremists  who  so 
strongly  urge  the  claims  of  organ- 
otheraj^y. 

In  this  righteous  war  against  sensa- 
tionalism and  quackery  in  which  all 
lovers  of  sanity  and  truth  bid  him 
"God  speed"  he  may  now  and  then  un- 
justly chastise  thoroughly  "law  abid- 
ing" scientists  as  when  under  the 
heading  A  Bit  of  Fancy  Dr.  Harrow 
quotes  some  highly  spiced  newspaper 
accounts  of  the  New  York  meetings  of 
the  International  Congress  of  Eugenics. 
as  they  were  reported  at  the  time. 
The  reports  were  quite  wierd  enough 
as  all  will  agree ;  Init  a  careful  reading 
of  the  two  volumes  of  published  pro- 
ceedings of  the  meetings  fails  to  re- 
veal the  erratic  statements  attributed 
to  the  worthy  scientists.  Dr.  Harrow- 
in  his  eagerness  to  defend  truth  and 
sanity  should  not  allow  himself  to  be 
drawn  into  a  sham  battle  with  men  of 
straw  created  by  even  "one  of  New 
York's  very  resjjectable  newspa])ers." 
It  is  rather  disconcerting  to  have  a 
scientist  side  with  the  ])ublic  press  in 
its  ribald  laughter  at  the  fancied 
vagaries  of  scientists.  Heaven  knows 
scientists    have    enough    real    vagaries 


to  answer  for.  All  this  grows  out  of 
the  author's  healthy  and  very  praise- 
worthy attitude  of  critical  skepticism 
and  he  deserves  the  highest  praise  for 
sparing  us  the  mass  of  half-baked 
wild  hypotheses  that  some  recent 
writers  of  books  and  quasi-popular 
articles  have  foisted  upon  a  gullible 
jniblic.  So  we  say  "all  strength  to  his 
arm  even  though  he  may  now  and 
then  hit  an  innocent  and  highly  re- 
s])ectable  scientist." 

The  author  has  given  in  his  preface 
a  warning  of  his  critical  attitude  in  the 
following  readable  passage : 

Monkey  glands ;  clever  men  and  stupid 
ones;  glands  as  the  cause  of  crime;  the 
origin  of  races;  the  mentally  unbalanced; 
many  acute  diseases ;  the  bearded  lady, 
the  fat  boy  and  the  midget ;  all  these  and 
many  more  have  been  dealt  with  under  the 
subject  of  glands  of  internal  secretion.  As 
in  any  subject  that  fires  the  popular  imagi- 
nation, fact  and  fancy  have  been  mixed — 
several  drops  of  fact  have  been  diluted 
with  many  drops  of  fancy.  The  achieve- 
ments, judged  by  rigid  scientific  standards, 
are  no  "more  than  modest  but  the  possibili- 
ties are  limitless.  It  is  because  of  these 
vast  possibilities  that  an  imagination,  not 
sufficiently  tempered  by  self-criticism,  is 
apt   to   enlarge   a   molehill    into   a   mountain. 

This  is  a  fine  attitude — the  only 
point  of  view  from  which  one  can 
write  a  really  worthwhile  book  on  any 
phase  of  science.  The  need  for  such 
scientific  caution  is  especially  great  in 
this  field  of  work  where  the  tempta- 
tions are  so  enticing,  and  Dr.  Harrow 
has  given  us  an  adinirable  book 
worthv  of  the  highest  commendation. 
It  is  a  compact,  up-to-date,  and  truly 
scientific  exposition  of  this  subject. 
For  the  most  part  it  is  a  highly  enter- 
taining book.  In  places  the  beginner 
nfight  get  rather  deep  into  technicali- 
ties, but  the  author  has  done  all  that 
one  could  expect  him  to  do  toward 
making  this  complicated  subject  under- 
standable. He  has  carefully  qualified 
his  statements  by  quoting  confiicting 
views  of  diflFerent  authorities.  While 
this  mav  bewilder  readers  who 
demand   dogmatic  and   sensational   as- 
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sertions,  the  public  should  learn  that 
science  cannot  deal  with  reality  in 
that  way.  This  book  is  an  admirable 
example  of  scientific  candor,  accuracy, 
enthusiasm    and    restraint.      We    can 


only   hope   that    it   may    be   given   the 
widest  currency. 

Bennett  M.  Allen. 

University  of  California 
(Southern  Branch) 


The  Economic  Value  of  Pure  Bred  Cattle 


Seventy-five  per  cent  of  the  dairy 
bulls  in  use  in  the  United  States  are 
either  g-rades  or  scrubs.  They  are 
bulls  from  ancestry  that  has  not  been 
bred  generation  after  generation  for 
large  and  economical  production  of 
milk  and  butter  fat.  This  fact,  says 
the  United  States  Department  of 
Agriculture,  accounts  for  the  low 
average  production  i)er  cow  in  this 
country. 

In  1921,  there  were  less  than  80,000 
pure-bred  bull  calves  registered  by  the 
breed  associations.  But  this  probably 
does  not  represent  half  the  pure-bred 
bulls  born  in  1921.  The  80,000  or 
more  that  were  not  registered,  in  addi- 
tion to  a  part  of  those  that  were  regis- 
tered, were  probably  slaughtered  be- 
cause their  breeders  were  not  able  to 
market  them  profitably.  This  is  be- 
cause the  average  farmer  is  not  yet 
convinced  of  the  advantages  to  be  de- 
rived from  the  use  of  pure-bred  sires. 
If  every   i)ure-brerl    bull    calf   born    in 


this  country  were  raised,  it  would  take 
a  three  or  four  years'  crop  of  calves 
to  replace  the  grade  and  scrub  bulls 
(numbering  ap])roximately  600.000) 
that  are  being  used  in  dairy  herds. 
When  it  is  considered  that  not  all 
pure-bred  calves  are  worthy  of  being 
used,  even  on  grade  herds,  and  allow- 
ance is  made  for  the  normal  death  rate 
and  other  factors  that  enter  to  cut 
down  the  number  of  pure-bred  bulls 
raised,  the  above  estimate  of  three  or 
four  years  could  safely  be  increased  to 
five  or  six  years  as  the  time  that 
would  be  required  to  replace  the  scrub 
bulls. 

Only  three  per  cent  of  f)ur  dairy 
cattle  are  pure  bred,  and  the  sui)i)ly 
of  ])ure-bred  bulls  would  be  wholly 
inadequate  if  the  farmers  of  the  coun- 
try could  only  appreciate  the  benefit  it 
would  be  to  them  to  head  their  pro- 
ducing herds  with  ])ure-bred  sires  of 
good  producing  strains. 

— U.  S.   I'>cpart)ncnt   of  A(]ricitUurc. 


Two  Corrections 

Owing  to  a  typographical  error  in  llie  notice  of  a  pajx^r  on  Cam])anula.  by 
Lathouwers,  in  Vol.  XI\'.  number  S,  page  345,  of  this  Journal,  the  last  line  of 
the  first  paragraph  was  carried  over  to  the  second  jjaragraph.  with  resulting  con- 
fusion.    The  second  ])aragraph  should  begin  as  follows: 

"In  a  pure  line  of  Campanula  medium  a  form  called  mouaniha  appi-ared.   .   ." 

In  the  August  1923  Journal,  i>age  201),  a  case  of  typographical  "crossing 
over"  occurred  in  the  legend  to  the  chart  acc()m])anying  Dr.  Castle's  pajxr  on  the 
inheritance  of  webbed  toes.  In  the  last  line  of  the  legend  it  is  stated  that  the 
character  may  be  carried  in  the  Y-chromo.some.     This  should  have  read  : 

"Suggesting  that  the  character  is  carried  in  the  X-chromosome." 


MENDELIAN  INHERITANCE  IN  POULTRY 

A  Review 


Heredi'I'N'  in  lV»ri/rKV.  by  Rkcjinai.d 
Crundall  Plnnktt,  F.  R.  S.,  I'ro- 
fessor  of  Biology  in  the  University 
of  Cambridge ;  Fellow  of  Gonville 
and  Caius  College,  etc.  Pp.  204;  12 
pi ;  price  $2.00.  Macmillan  &  Com- 
pany, Ltd..  London  and  New  York. 
1923. 

FOR  over  twenty  years  the  domes- 
tic fowl  has  been  the  subject  of 
experiments  designed  to  discover, 
among  other  things,  the  mode  of  in- 
heritance of  specific  traits.  It  furnished 
under  the  hands  of  Bateson  the  first 
demonstration  of  Mendelian  inherit- 
ance in  the  animal  kingdom,  and  has 
since  contributed  information  on  many 
of  the  more  important  general  princi- 
ples of  genetics.  Professor  Punnett 
was  one  of  the  first  to  recognize  its 
value  as  an  experimental  subject,  and 
from  his  early  association  with  Bateson 
to  the  ])resent  time,  he  has  been  inti- 
mately connected  with  the  growth  of 
knowledge  about  heredity  in  fowls. 
There  is  no  one  better  qualified  than 
he  to  write  with  interest  and  authority 
on  the  subject. 

In  compiling  this  book  the  author, 
as  he  tells  us  in  the  preface  and  the 
text,  had  a  number  of  objects.  He 
wished  to  summarize  the  progress  of 
investigation,  to  provide  a  guide  to  ])ast 
and  possibly  future  work  with  poultry, 
and  to  present  the  problems  involved 
in  their  relationship  to  the  general 
problems  of  genetics.  His  presentation 
was  influenced  by  an  obvious  desire  to 
make  his  book  of  value  to  those  with 
both  a  scientilic  and  a  j^ractical  interest 
in  poultry.  He  is  particularly  aware 
of  the  need  for  impressing  the  prac- 
tical man.  who  in  the  end  supi)lies  the 
funds  for  investigation,  with  the  value 
f)f  research  into  i^rinciples  which  may 
lay  the  foundation  for  applications  to 
agriculture.      The    dominating,    though 


unex])resscd.   object   appears   to   be   the 
introduction  oi  the  reader  to  the  i)rin- 
ci])les    of    Mendelism    with    illustrative 
material  drawn   from  poultry  breeding. 
Ihese    objects    although    difficult    to 
reconcile  are  in  general   fulfilled.     The 
greatest  success  is  attained  in  the   last 
of  the  purposes  mentioned  and  in  the 
o])inion  of  the  reviewer,  the  book  will 
])rove  of  most  value  to   persons   inter- 
ested  in   poultry   who    desire   a   simple 
presentation   of    Mendelian   inheritance. 
Professor  Punnett  is  a  master  of  the 
art  of   simple,   concise   statement   as   is 
evidenced  in  his  little  volume  on  "]\Ien- 
delism"  and  his  article  "]\Iendelism"  in 
the  Encyclo])edia   Brittanica.   11th   Edi- 
tion.    He  assumes  but  little  familiarity 
with  general  biology  on  the  part  of  the 
reader  and  proceeds  from  simple  Men- 
delism    through    the    more    complicated 
subjects    of    reversion,    multiple    factor 
inheritance,  sexual  characters  and  sex- 
linked   transmission   to   a    short   discus- 
sion  of   linkage.      His   illustrations   are 
few,  simple  and  well  chosen,  and  they 
are    in    general    comprehensible    to    the 
layman.      The    method    of    presenting 
each  subject  is  the  excellent  one  of  giv- 
ing first  a  simple  example  of  the  facts 
as  known,  then  tracing  the^levelopment 
of  the  theoretical  explanation  and  final- 
ly, wherever  possible,  the  indication  of 
the    application    of    the    principles    to 
])oultry  breeding.     This  method  is  well 
exemplified  in  his  two  chapters  on  sex- 
linked   inheritance  where  after  a  theo- 
retical explanation  he  shows  the  apj^li- 
cation  of   Pearl's  hy])othesis  of  the  in- 
heritance of  fecundity,  and  clearly  out- 
lines the  methods   to  he  used   for  dis- 
tinguishing the  sex  of  young  chicks  by 
the  use   of   sex-linked  characters.      He 
makes  no  mention  of   the  chromosome 
theory  of  sex  or  linkage.     In   fact  the 
word   chromosome   is   not  to  be   found 
in    the    index.      This    mav    be    wise    in 
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dealing  with  pouhry  where  the  chromo- 
some situation  is  not  clear,  and  it  will 
be  welcomed  by  those  persons,  who 
being  unfamiliar  with  genetic  theory 
and  terminology,  react  to  the  word 
chromosome  as  a  bull  to  a  red  flag.  It 
is  nevertheless  a  serious  omission  in  a 
survey  of  any  genetic  subject. 

The  chief  contributions  of  the  book 
to  a  summary  of  progress  in  poultr}- 
genetics  are  in  the  chapters  on  plumage 
color  and  structural  features,  and  in 
the  bibliography  of  one  hundred  and 
forty-eight  titles.  This  work  of  sum- 
mary was  much  needed,  and  Professor 
Punnett  has  probably  accomplislied  all 
that  can  be  done  at  the  present  time. 
He  has  emphasized  the  incom])lete  state 
of  our  knowledge  and  th2  o])portunity 
and  need  for  further  research,  and  this 
is  generally  the  chief  value  of  a  sum- 
mary of  ])rogress  in  science.  In  the 
text  are  also  added  nimierous  valuable 
observations  of  the  author  which  had 
not  been  ])ublished  previously,  and 
which  now  become  a  ])art  of  the  litera- 
ture of  the  subject. 

In  the  short  readable  treatment  of 
the  subject  which  Professor  Punnett 
has  given,  omissions  and  sim])lifications 
are  to  the  advantage  of  the  reader  iKjt 
versed  in  genetics.  The  all  inclusive 
and  detailed  nature  of  many  books  on 
scientific  subjects  is  often  the  feature 
which  restricts  their  a])i)eal  to  purely 
])rofessional  readers.  Without  ap- 
])earing  to  "write  down"  to  the  ama- 
teur. Professor  Punnett  has  ])rovided 
him  with  an  introduction  and  a  guide, 
while  the  annotated  references  will 
send  him,  if  he  is  interested,  to  the 
original  data,  'ihe  geneticist  will  find 
few  s]>ecitic  criticisms  to  make.  One 
which  will  appear  is  the  confusion  of 
"sex-linked"  and  "sex-limited"  traits 
(Cf  ICs]).  p.  T.S).  This  distinction  which 
has  becotne  fixed  in  .American  litera- 
tnre.  is  not  clear  either  in  this   volume 


or  in  the  author's  ])revious  book, 
"Mendelism."  Chapter  VI,  on  second- 
ary sexual  characters  appears  to  suffer 
from  this  lack  of  clarity  and  from  a 
rather  controversial  discussion  of  the 
author's  hypothesis  of  the  inheritance 
of  hen  feathering.  The  hypothesis  in- 
cludes identification  of  a  factor  having 
the  mode  of  transmission  assumed  for 
the  "W"  chromosome  (r'ic,  from  moth- 
er to  daughter),  with  the  secondary 
sexual  secretion  of  the  ovary.  This 
material  does  not  seem  to  be  on  a  pari- 
ty with  the  rest  of  the  book. 

P)reeders  of  P)arred  Plymouth 
Rock  fowls  for  exhibition  will  i)roba- 
bly  question  his  statenient  (p.  \2X} 
that  "the  show  cock  is  usually  heter- 
ozygous in  the  barring  factor,"  while 
the  homoz3'gous  cock  is  too  light  for 
exhibition.  Evidence  in  support  of  this 
contention  is  lacking  so  far  as  the 
writer  knows.  The  reason  for  using 
the  "double  mating"  system  by  which 
Barred  males  and  P»arred  females  for 
show  are  ])roduced  from  .sejjarate  mat- 
ings.  is  not  to  prevent  the  production 
of  black  females  by  the  exhibition  type 
of  cock,  but  to  increase  the  darkness 
of  the  male  offs])ring  by  breeding  from 
females  which  are  darker  than  the 
standard  shade,  and  in  such  matings 
standard  ty])e  males  are  used  success- 
fully by  both  American  and  English 
breeders. 

Biologists  will  welcome  this  Ixtok  and 
need  have  no  hesitation  in  recommend- 
ing it  to  their  ixtultrNiuen  friends. 
With  the  growing  interest  of  ]x)ultry- 
men  in  the  ])rinci])les  of  inheritance,  it 
should  ha\i'  a  wide  sale,  and  could  be 
])Ut  to  good  u.se  as  a  text  in  a  poultry 
course  devoted  to  breeding. 

It  is  uniform  in  format  with  the 
author's  "Mendelisni,"  and  exhibits  the 
same  high  quality  of  coinjjosition  and 
press-work. 

L.   C.  Dunn. 


PRODUCTION  OF  DOUBLE  CONE 
FLOWERS 


David  Griffiths 
l\    S.    Department    of   .U/ricHlfurc 


SINGLE  AND  DOUBLE  CONE  FLOWERS 

Figure  9.  Several  stages  of  doubling  are  shown,  from  flowers  with  only  a  single  row 
of  ray-flowers  around  the  base  of  the  "cone"  to  those  with  ray-flowers  nearly  to  its  apex. 
It  has  been  found  impossible  to  reproduce  the  double  flowered  plants  satisfactorily  from 
seed,  but  greater  success  was  attained  with  cuttings,  the  method  used  being  described 
in  the  text. 


IT  HAS  been  fully  ten  years  .since 
the  author  found  a  completely  dou- 
ble flowered  form  of  Ratiblda  col- 
umnifcra  near  Artesia  Wells.  Texas. 
This  species  as  it  grows  in  Texas  is 
often  a  very  dififerent  thing  from  what 
passes  under  the  same  name  in  the 
Northern  Plains  region.  There  it  is 
usually  low  and  spreading,  but  in 
Texas  it  may  often  be  found  'lYz  to 
3^  feet  high,  and  when  growing  thick- 
ly, quite  erect  in  habit. 


The  planting  from  which  the  stock 
in  question  was  obtained  was  a  very 
thick  one,  covering  possibly  one-twen- 
tieth of  an  acre,  and  most  of  the 
plants  were  fully  three  feet  high.  In 
it  were  all  graduations  of  ray-colora- 
tion from  pure  yellow  to  deep  maroon, 
the  latter  predominating.  The  double 
Howered  forms  seen  by  me  were  all 
of  the  maroon  type  and  varied  con- 
siderably in  the  amount  of  doubling, 
some    plants    showing    it    only    a    little. 
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while  the  flowers  of  one  plant  were 
fully  double  to  the  tip  of  the  col- 
umnar spike.  The  character  was  con- 
fined  to  a   small   colony. 

The  i)lants  were  quite  well  in  flower 
when  the  place  was  visited,  but  as 
no  seed  was  ripe,  arrangements  were 
made  with  Mr.  William  Sinclair  to 
send  me  seed  later  in  the  season.  He 
sent  a  liberal  quantity  from  the  best 
plants  which  had  completely  double 
flowers.  Unfortunately,  this  seed 
germinated  very  poorly. 

Propagation  of  this  seed  was  for  a 
time  carried  on  at  two  places.  At 
Arlington  Farm,  Va.,  one  lot  of  the 
seed  was  sown  and  about  one  hun- 
dred ])lants  were  potted  off  and  grown 
to  maturity.  To  our  chagrin  only  one 
plant  showed  the  doul)le  character  pro- 
nouncedly  enough  to  suit  us. 

At  Chico,  Calif.,  three  successive 
generations  of  seedlings  were  grown 
in  all,  each  from  double  plants  in  turn, 
with  similar  results.  Never  over  four 
or  five  per  cent  of  doubling  was  se- 
cured and  no  more  than  one  or  two 
plants  that  were  considered  fit  to  have. 
Finally  at  Chico  the  stock  was  al- 
lowed to  volunteer  for  three  or  four 
years  in  a  waste  place,  when  there 
ai:)pcared  several  very  good  individuals 
which  have  recently  been  i)ro])agated. 
One  of  these  is  a  comparatively  large, 
vigorous  i)lant  with  deep  maroon  col- 
ored rays  extending  to  the  ai)ex  of 
the  flower  spike.  The  other  is  a 
more  dwarf  spreading  plant  having 
A'ellow  rays  with  the  doubling  extend- 
ing nearly  to  the  top  of  the  spike. 

It  seemed  useless,  since  so  small  a 
percentage  of  jjlants  came  true,  to  at- 
tempt to  get  the  character  fixed  in  the 
seed.  Indeed,  the  double  plants  seed 
very  poorly  anyway,  and  no  gain  seem- 
ed to  be  made  in  growing  successive 
generations   from  seed. 

The  plants  grow  large  and  bushy  in 
California,  and  an  attempt  was  conse- 
(|uently  made  to  imjpagate  by  layering. 


Earth  was  banked  around  the  plants 
in  autumn,  but  no  rooting  took  place. 
After  considerable  eft'ort,  Mr.  Henry 
Klopfer  has  succeeded  very  satisfac- 
torily  in   propagating   from   cuttings. 

The  cuttings  are  made  of  terminal 
growth  late  in  the  season,  just  before 
frost,  when  the  wood  is  fairly  well 
ripened.  A  heel  is  obtained  when  pos- 
sible, but  this  is  not  imperative  if  the 
cut  is  made  just  below  a  leaf.  These 
cuttings  are  set  in  sand  in  the  bench 
with  a  little  bottom  heat.  Plenty  of 
water  with  j^erfect  drainage  is  neces- 
sary. The  cuttings  are  discouraging 
at  first,  for  it  is  difficult  to  keej)  them 
from  wilting,  but  after  a  day  or  two 
they  begin  to  take  up  water  and  stift'en 
u]).  They  are  handled  much  like 
geranium   cuttings. 

After  about  six  weeks  in  sand,  cal- 
lousing has  taken  place  and  root  action 
started.  In  six  or  eight  weeks  the 
cuttings  are  ready  to  be  transferred 
to  })ots.  This  should  be  done  very 
soon  after  root  action  starts  for  the 
roots  are  very  brittle  and  there  are 
only  one  or  two  of  them  going  di- 
rectly downward.  If  potting  is  long 
delayed  there  is  considerable  loss  ow- 
ing to  these  characteristics.  Common- 
ly, about  eighty  ])er  cent  of  the  cut- 
tings are  successful,  but  this  result 
])r()bablv  can  be  improved  u])()n  with 
ex])erience. 

For  best  results  it  is  necessary  to 
])roduce  young,  vigonius  plants  each 
year.  Stocks  carried  o\"er  or  those 
stunted  and  starved  are  not  satis  fac- 
tor}-. In  one  instance  plants  with 
perfectly  doubled  flowers  had  the  dou- 
l)ling  reduced  fully  one-half  the  sec- 
ond \ear  when  carried  over  winter 
in  a  jKMtrly  tended  and  watered  her- 
baceous border.  On  the  other  hand, 
plants  of  the  same  progeny  maintained 
the  character  when  allowed  to  run  un- 
tended  in  fertile  waste  places  even  in 
coni])etition  with  the  common  weedy 
annurd    grasses. 


DELAYED  GERMINATION  AND  THE 
ORIGIN  OF  FALSE  WILD  OATS 

R.  J.  Garbek  and  K.  S.  Quisen berry* 
IFcsf  Virginia  Agricultural  Experiment  Station 


IN  a  recent  issue  of  the  Journal  of 
Heredity'  one  of  the  writers  pre- 
sented evidence  concerning  the 
origin  of  false  wild  oats,  which  indi- 
cates that  they  owe  their  origin  to  mu- 
tations rather  than  to  natural  crossing. 
Xilsson-Ehle"t.  who  was  first  to  postu- 
late mutations  as  the  cause  of  false 
wild  oats,  has  published"  more  evidence 
in  favor  of  his  theory. 

Atwood'  pointed  out  that  delayed 
germination  occurs  in  Avcna  fafua. 
He  maintained  that  the  restriction  of 
oxygen  by  the  seed  coats  was  a  limiting- 
factor  in  germination  and  found  that 
searing  the  seed  coats  with  a  hot  needle 
materially  increased  the  percentage  of 
germination.  Inasmuch  as  delayed 
germination  exists  in  A.  fatua  one 
would  naturally  expect  to  find  it  also 
in  false  wild  oats,  provided  false  wild 
oats  owe  their  origin  to  natural  cross- 
ing between  A.  fatua  and  A.  sativa.  In 
the  present  paper  are  reported  data  ob- 
tained in  an  experiment  made  to  de- 
termine the  relative  degree  of  de- 
layed germination  in  false  wild  oats 
and  in  the  second  hybrid  generation 
of  certain  crosses  between  A.  sativa 
and  A.  fatua. 

Methods 

The  ])lants  used  in  this  ex]:>eriment 
were  grown  in  the  i)lant-breeding  nur- 
sery on  the  Agronomy  farm  during  the. 
summer  of  1922,  from  seed  planted  on 
April  3.  At  harvest  time,  which  oc- 
curred between  July  14  and  Julv  21. 
the  panicles  of  each  i:)lant  were  placed 
in  a  separate  envelope  and  allowed  to 
dry  thoroughly  in  the   sunshine   before 


being  stored  in  the  laboratory.  On 
September  15,  kernels  of  all  the  plants 
reported  on  were  placed  in  a  standard 
germinating  chamber.  At  the  end  of 
six  days  the  germinated  kernels  were 
counted  and  removed.  The  remaining 
kernels  were  again  placed  in  the  cham- 
ber where  they  were  left  until  Sep- 
tember 28,  when  the  final  count  was 
made.  Before  returning  the  kernels  to 
the  germinator  some  of  them  were 
treated  either  by  searing  the  seed  coats 
with  a  red-hot  needle  or  cutting 
through  the  seed  coats  with  a  razor. 

The  seed-sample  of  each  plant  ex- 
cept in  sixty  instances  consisted  of 
twenty-five  lower  seeds.  None  of  the 
upper  seeds  of  an  oat  spikelet  was 
used  in  the  germination  test.  Because 
of  scarcity  of  seed,  each  of  twenty-one 
samples  contained  from  ten  to  fourteen 
seeds  inclusive  and  each  of  thirty-nine 
samples  contained  from  fifteen  to 
twenty-four  seeds  inclusive.  In  this 
test  rag  dolls  were  used  as  recom- 
mended by  Holbert  and  Hofifer^  for 
use  in  the  germination  of  corn.  From 
eleven  to  twenty-three  samples  were 
placed  in  each  rag  doll. 

During  the  germination  test  the  tem- 
])erature  was  controlled  by  means  of  a 
water  jacket  and  an  ice  chamber.  Tem- 
l)erature  readings  were  made  morning, 
noon,  and  evening.  From  September 
15  to  September  21,  when  the  first 
germination-count  was  made,  the  tem- 
perature was  maintained  between  17°C. 
and  in°C.  From  September  21  to 
Septem])er  28  when  the  second  and 
final  germination-count  was  made,  the 
temperature  was  maintained  between 
in.5°C.    and    19.5°C.    with    the    excep- 
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tion  of  one  night  when  a  temperature 
of    15°C.   was   recorded. 

Comparative    Germination   of    Parents 
and  Hybrids 

The  data  for  the  germination  test  of 
Victory,  A.  sativa,  Garton  748,  A.  sali- 
va oricnfalis,  and  two  varieties  of  A. 
fatua  as  well  as  the  second  generation 
seed  of  certain  crosses,  are  shown  in 
Tahle  I.  One  of  the  fatua  forms  had 
a  hrown  hairy  lemma  and  the  other 
had  a  yellow  glabrous  lemma. 

In  a  few  cases,  seeds  which  showed 
no  signs  of  germination  at  the  expira- 
tion of  six  days  and  at  that  time  were 
not  treated  hy  searing  or  cutting 
through  the  seed  coats,  showed  weak 
germination  at  the  end  of  thirteen  days 
(Tahle  II).  The  data  in  Tahle  I  are 
made  u])  from  the  number  of  untreated 
seeds  ])er  ])lant  which  showed  germina- 
tion during  the  thirteen-day  period. 

Each  of  the  fourteen  Victory  i)lants 
and  five  Garton  74.S  ])lants  germinated 
95  per  cent  or  above.  The  eleven  plants 
of  the  Yellow  wild  oat  ranged  from  0 
to  55  per  cent  germination,  whereas  the 
eight  plants  of  the  Brown  Hairy  wild 
oat  ranged  from  0  to  25  ])er  cent  germ- 
ination. Although  the  number  of 
])lants  involved  is  somewhat  small,  the 
data  indicate  that  the  brown  hairy  wild 
oat  shows  a  somewhat  greater  degree 
of  delayed  germination  than  the  gla- 
brous yellow  wild  oat.  Data  previously 
collected  corroborate  the  above  state- 
ment. 

The  individual  j^lants  of  each  second 
generation  ])rogeny  tested  show  a  wide 
range  in  percentage  of  germination. 
The  only  ajiparent  exception  is  the 
cross  \'ellow  Wild  oat  X  X'ictory  in 
which  the  range  of  gernu'nation  is  from 
(!(!  to  100  ])er  cent.  The  reciprocal 
cross,  however,  shows  a  range  in  germ- 
ination of  Hi  to  100  per  cent.  In  the 
generations  of  all  the  other  crosses, 
namely.  P>rown  Hairy  wild  oat  X  Vic- 
tory and  the  reciprocal,  Garton  74H  X 
Rrown  Hairy  wild  oat,  and  Garton  74S 
X  Yellow  wild  oat,  the  range  in  germ- 


ination is  from  31  or  below  to  100  per 
cent.  The  data  in  Table  I,  comprising 
tests  of  seed-samples  from  437  second 
generation  plants,  show  that  delayed 
germination  is  an  inherited  character 
and  that  in  general  the  range  in  per- 
centage of  germination  in  the  second 
generation  is  from  the  fatua  parent  to 
the  sativa  ]:)arent.  The  second  genera- 
tion individuals  show  a  distinct  piling 
u])  at  the  upper  limit  of  the  frecjuency 
distribution.  In  other  words,  delayed 
germination  behaves  as  a  recessive 
character  in  these   fatua-sativa  crosses. 

The  Test  for  Delayed   Germination 

In  order  to  determine  whetlier  de- 
layed germination  was  the  main  cause 
of  seeds  failing  to  grow  during  the  first 
six-day  period  of  the  test,  the  ungerm- 
inated  seeds  of  each  of  a  larger  number 
of  plants  were  divided  into  two  ai)prox- 
imately  equal  lots.  Before  returning 
the  seeds  to  the  germinator  one  lot  was 
treated  either  by  cutting  through  or 
searing  the  seed  coats  and  the  other  lot 
was  untreated.  After  the  treated  and 
untreated  seed  had  been  in  the  germ- 
ination chamber  for  an  additional 
seven-day  period,  the  number  of  seeds 
which  had  germinated  was  determined. 
The   results  are  tabulated   in    Table    II. 

It  will  be  noted  from  Table  II  that 
the  germination  of  the  Brown  Hairy 
wild  oat  was  less  affected  by  treatment 
of  the  seed  coats  than  was  the  germ- 
ination of  the  ^'ellow  wild  oat  or  the 
second  generation  hybrid  plants.  P)Oth 
the  seared  and  cut  .seed  of  the  second 
generation  plants  germinated  approxi- 
mately forty-five  per  cent  while  only 
one  i)er  cent  of  the  untreated  seed 
germinated.  The  data  pre.scnted  in 
Table  II  show  that  the  seed  treatment 
appreciably  increased  the  percentage  of 
germination. 

When  the  germination  test  was  com- 
])leted  it  was  found  that  the  untreated 
.seeds  exhibiting  delayed  germination 
were  still  firm  whereas  seeds  which 
failed  to  grow  for  other  reasons  were 
soft  and   partially  decayed. 
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Relation    Between    Fatua    Types    and 

Delayed    Germination    in    the 

Second    Generation 

In  order  to  determine  whether  the 
fatua  type  was  closely  associated  in  in- 
heritance with  delayed  germination,  the 
second  generation  plants  were  classified 
on  the  basis  of  seed  articulation,  as 
fatua-like.  intermediate,  or  sativa-like 
forms.  The  segregation  in  the  second 
generation  clearly  indicated  that  a  sin- 
gle factor  difference  controlled  the  type 
of  seed  articulation.  Of  all  the  crosses 
(including  all  plants  whose  seeds  were 
not  tested  for  germination),  there  were 
110  fatua-like,  254  intermediate,  and 
124  sativa-like  plants  with  regard  to 
seed  articulation  (P.  =  0.458).  A 
correlation  coefficient  indicated  linkage 
between  type  of  seed  articulation  and 
percentage  of  germination  for  the 
second  generation  progeny  of  each 
cross  was  prepared.  The  tables  were 
arranged  so  that  a  significant  positive 
correlation  coefficient  indicated  linkage 
between  the  fatua  type  of  seed  articula- 
tion and  delayed  germination.  These 
correlation  coefficients  are  presented  in 
Table  III. 

All  the  coefficients  except  one  in 
Table  III  are  significant,  and  they 
show  that  in  the  second  generation  in- 
dividuals delayed  germination  was  as- 
sociated to  some  extent  with  the  fatua 
type  of  seed  articulation.  The  magni- 
tude of  the  coefficients,  however,  also 
shows  that  close  linkage  between  these 
two  characters  did  not  exist.  The  low- 
est correlation  (r  =  +0.159  i  0.086), 
was  obtained  in  the  progeny  of  the 
cross  Yellow  wild  oat  X  Victory,  and 
the  highest  correlation  (r  =  +0.538 
i  0.04H)  was  obtained  in  the  F^  prog- 
eny of  the  cross,  Garton  T48  X  Yellow 
wild  oat. 

High  i)ercentages  of  germination 
were  frequently  obtained  from  second 
generation  ])lants  with  fatua  seed  char- 
acters. This  is  shown  by  the  data  in 
Table  lY.  The  frequency  distributions 
with  respect  to  the  percentage  of  germ- 
inatif)n   of   the    fatua-like   seeds    for   all 


the  second  generation  progenies  are 
shown.  (3nly  plants  which  produced 
seed  with  fatua-like  articulations  on 
both  the  primary  and  secondary  seeds 
are  considered  in  this  group.  There 
is  a  distinct  accumulation  of  individuals 
at  the  u]Ji)er  limit  of  the  distributions. 
Considering  all  the  crosses,  aj^proxi- 
mately  one-third  of  the  fatua-like 
l)lants  i)roduced  seed  which  germinated 
from  95  to  100  per  cent. 

Linkage  is  indicated  by  the  number 
of  significant  correlations  obtained  be- 
tween the  fatua-like  second  generation 
segregates  and  delayed  germination.  On 
the  other  hand  a  considerable  number 
of  these  second  generation  segregates 
showed  no  delayed  germination.  These 
facts  which  are  brought  out  in  Tables 
III  and  IV  indicate  that  in  the  fatua- 
sativa  crosses  reported  in  this  paper 
delayed  germination  was  linked  with 
the  fatua-like  seed  articulation,  but  the 
linkage  was  not  close. 

Germination   of   False  Wild   Oats 

The  homozygous  and  heterozygous 
false  wild  oats  as  well  as  the  sativa 
forms  reported  below  came  from  the 
same  stock  as  those  previously  report- 
ed (Garber.  1922).''  The  progenies  of 
heterozygous  false  wild  oats  showed 
segregation  similar  to  that  obtained 
previously.  The  segregation  from 
heterozygous  i)lants  obtained  in  this  in- 
vestigation was  as  follows : 

4G  Victory,  74  heterozygous  false 
\'ictory,  54  homozygous  false  Victory  : 
28  Garton  784,  84  heterozygous  false 
Garton  784,  34  homozygous  false  Gar- 
ton 784 ;  257  .Aurora  and  heterozygous 
false  Aurora,  7(1  homozygous  false 
Aurora. 

The  phenotypes  of  Aurora  and  het- 
erozygous false  Aurora  were  so  similar 
that  no  attempt  was  made  to  place 
them  in  a  separate  group.  In  general 
heterozygous  false  Aurora  possessed  a 
degree  of  awn  develo])ment  somewhat 
greater  than  that  of  pure  Aurora  but 
the  difference  was  not  marked. 

The  data  in  Table  \'  show  that  there 
was  no  striking  difference  in  seed 
gernn'nation    among   the    various    forms 
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FALSE  WILD  OATS  IN  GARTON  VARIETY 
FiGiRE  10.  Left  to  right  are  shown  normal,  intermediate,  and  false  wild  (jarton  784. 
The  intermediate  and  false  wild  oats  are  characterized  by  awns,  which  are  absent  ni  the 
normal  form  The  false  wild  oats  closclv  resemble  wild  oats  {Avcna  mida),  and  some 
authorities  are  of  the  opinion  that  false  wild  oats  are  due  to  natural  crossnig  between  wild 
and  cultivated  oats. 


tested.  In  no  case  did  a  plant  produce 
seed  which  germinated  less  than  70  jier 
cent  and  only  nine  plants  out  of  ISi 
produced  seed  that  j.(erminated  less 
than  85  per  cent.  Tiie  sativa,  the 
heterozygous  false  wild,  and  tlie  homo- 
zygous false  wild  forms  of  the  varie- 
ties Victory  and  Garton  784  are  very 
similar  with  respect  to  seed  germina- 
tion. Homozygous  false  wild  Aurora 
gave  ])ercentages  of  germination  ap- 
parently somewhat  higher  than  Aurora 
anrl  heterozvgous   false  wild  Aurora. 

The  failure  of  some  of  the  seed  to 
germinate  in  the  above  forms  was  not 
owing    to    delayed    germination.       The 


seeds  which  showed  no  signs  of  germ- 
ination at  the  end  of  six  days  were 
handled  in  exactly  the  same  way  as 
the  ungc-rminated  seeds  of  the  i)arents 
and  hybrids  mentioned  in  the  i)rcceding 
.section.  In  no  case  did  a  .seared  or 
cut  seed  of  a  sativa,  a  heterozygous 
false  wild  (»r  a  homozygous  false  wild 
plant  germinate.  Moreover  every  seed 
which  failed  to  germinate  during  the 
first  six  days  of  the  test,  became  soft 
and  partly  decayed  by  the  time  the  test 
was  completed    (thirteen   days.) 

A  year  earlier  a  similar  germination 
test  was  made  of  seed  from  homozy- 
gous    false     wild,     heterozygous     false 
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FALSE   WILD  OATS  IN   VICTORY   VARIETY 

Figure  11.  Left  to  right  are  shown  kernels  of  cultivated  Victory  oats,  of  intermediate 
(heterozygous)  false  Victory  and  of  false  wild  Victory.  Cultivated  and  false  wild  oats  breed 
true,  while  the  intermediate  form  segregates  again,  in  the  next  generation,  into  normal,  inter- 
mediate and  false  wild  oats,  in  the  ratio  1:2:1.  The  false  wild  oats  are  verv  similar  to  the 
true  wild  oats  (Arena  fatua)  but  the  seed  of  the  latter  is  delayed  in  germination  bv  reason 
of  having  a  hea\y  seed  coat  which  is  supposed  to  prevent  oxygen  from  reaching  the  g'erminat- 
ing  embryo.  This  character  is  observed  also  in  experimental  crosses  of  wild  oats  with 
cultivated  oats,  but  false  wild  oats  does  not  show  delayed  germination.  It  therefore  seems 
probable   that    false   wild   oats   owes   its   origin   to   mutation   rather   than    to   natural   crossing. 


wild,  and  sativa  forms  of  the  varieties 
Victory  and  Garton  784.  No  differ- 
ence in  i^ercentage  of  germination  and 
no  evidence  of  delayed  germination 
were  found. 

The  results  mentioned  above  are  sim- 
ilar to  those  ol)tained  by  Criddle"  and 
by  Nilsson-Ehle".  The  evidence  pre- 
sented by  these  two  investigators  and 
the  data  reported  here  make  it  rea- 
sonable to  conclude  that  false  wild  oats 
do  not  possess  delayed  germination 
similar  to  that  found  in  A.  fatua. 


Conclusion 

Seeds  of  wild  oats  possess  delayed 
germination.  Evidence  is  presented  in 
this  paper  that  in  crosses  between  A. 
satiz'a  and  A.  fatua  delayed  germina- 
tion is  an  inherited  recessive  character 
and  that  it  is  somewhat  loosely  linked 
with  the  fatua-type  of  seed  articulation. 
A  germination  test  of  seed  produced 
by  437  second  generation  plants  was 
made. 

One  would  naturally  expect  to  find 
delayed    germination    in    some    of    the 
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tal>c  wild  (..-Its.  provided  false  \vil<l  the  hvpcthesis  that  natural  crossiuL^  he- 
oats  owe  their  origin  to  natural  cross-  tween  fatua  and  sativa  oats  adequatelv 
ing  hetween  tatua  and  sativa  forms.  e.xi)lains  the  origin  of  false  wild  forms 
Delayed  germination  was  not  found  in  In  view  of  the  foregoing  considera- 
seed  trom  homozygous  false  wild,  tions.  the  origin  of  false  wild  oats  is 
heterozygous  false  wild,  or  sativa  more  reasonahlv  explained  hv  muta 
plants.     Here  is  direct  evidence  against  tions   than   1)\-  natural 


crftssin<£. 
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Table  U~Ep\-ct  of  cutting  throuiih  or  scaring  the  seed  coats  on  delayed  germination   in  ,>ats. 
Name  NUMBER  OF  SEEDS 


Germin-     Per-                 Germin-     Per-  Un-     Germin-  Per- 

D     TT       ..J                       Seared    ated     centage  Cut       ated     centage  treated    ated  centage 

B.    H    wild   oat                      9             3           33.3  37            7           18.9  48            1  ^i 

c     T    r  ??^    .                         ^^            2S           '0.3  25            14           56.0  56             1  1*8 

Seed  of   F:^  plants               212          96          45.3  215         101         47  0  305           3  I'o 


Table  III — Correlation  coefficients  slioic- 
ing  relation  betiveeu  type  of  seed  articulation 
and  percentage  of  germination  in  the  second 
generation    of   certain    oat   crosses. 


Name 

Xo.  of 
Plants 

r 

Y.    wild   oat    X 

Victory 
Reciprocal 

59 

78 

+0.1.59  1  0.086 
+0.422  f  0.062 

B.   H.   wild  oat   >< 

\'ictory 
Reciprocal 

64 
62 

+0.295  1  0.077 
+0.477  1  0.066 

Garton  748   X 

B.  H.  wild  oat 

73 

+0.485  i  0.060 

Garton  748  X 
Y.    wild    oat 

101 

+0..538  t  0.48 
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EUGENICS  IN  FRANCE 

A  Review 


Tl  1 1^  \\'(irld  War  cost  France 
abnut  H. 000. 000  citizens,  count- 
ini,f  the  deficit  in  births  as  well 
as  actual  deaths.  Indirect  conse- 
quences such  as  the  malnutrition  of 
infants.  an<l  the  s])read  of  diseases 
in  the  civil  population,  will  doubtless 
account  for  several  hundred  thousand 
more  individuals  lost  to  the  nation,  if 
not  already,  within  the  next  decade 
or  two. 

It  is  natural  enough,  then,  that 
eugenics  should  have  an  increased  in- 
terest for  the  French.  The  movement 
has  never  been  influential  in  France, 
for  a  number  or  more  or  less  obscure 
reasons.  The  fact  that  French  scien- 
tists had  little  to  do  with  the  origin 
of  this  science  may  in  some  measure 
explain  the  lack  of  interest  which  they 
have  shown  in  eugenics ;  then,  too. 
many  French  biologists  have  Lamarck- 
ian  leanings  which  do  not  predispose 
toward  a  conventional  point  of  view. 
Again,  the  respect  for  personal  liberty 
and  freedom  of  opinion  and  action  in 
France  is  incompatible  with  some 
phases  of  eugenics,  at  least  as  popu- 
larly   re])resented. 

For  these  and  other  reasons,  eu- 
genics as  such  has  not  played  an  im- 
portant i)art  in  the  republic.  There 
has  been  for  some  years  an  active 
propaganda  for  more  births,  since  for 
a  long  time  the  annual  births  in 
France  have  exceeded  the  annual 
deaths  only  slightly,  if  at  all.  But 
this  propaganda  has  been  quantita- 
tive, and  has  paid  little  attention  to 
that  point  of  quality  which  is  the 
crucial  one  in  all  eugenic  measures. 
The  nation  was  one  of  the  last  to 
organize  a  society  of  eugenics,  and 
this  organization  has  never  been  nu- 
merically strong. 


A  series  of  addresses  delivered  by 
members  of  this  Socicfc  Francaisc 
d'llngtniqitc  has  now  been  jjublished' 
in  book  form — the  first  book,  so  far 
as  I  can  recall,  puljlished  in  France 
in  the  direct  interest  of  eugenics.  It 
gives  an  extensive  and  trustworthy 
picture  of  the  state  of  that  science 
among   the    French. 

Of  the  nine  papers  included,  seven 
will  be  new  to  most  students.  Of  the 
remaining  two,  one  is  a  reprint  of  the 
address  delivered  by  L.  Cuenot  at  the 
International  Ctmgress  of  Eugenics  in 
New  York  a  coui^le  of  years  ago;  the 
other  is  a  translation  of  an  address  on 
practical  eugenics  by  Leonard  Darwin. 
The  other  seven  vary  in  character ; 
several  are  thorough-going  and  admir- 
able statements ;  others  are  timid  and 
hesitant  approaches  to  a  point  of 
view  that  is,  to  most  Americans,  com- 
monplace enough.  Thus  it  is  some- 
thing of  a  surprise  to  hear  the  late 
Edmond  Perrier,  former  president  of 
the  society,  confess  that  "in  a  civilized 
country,  no  one  can  dream  of  sup- 
jjressing  individuals  burdened  by 
hereditary  defects,  nor  of  preventing 
them  from  reproduction ;"  while  F. 
Houssay  supposes  that  the  program  of 
the  movement  must  be  a  "war  on  de- 
fects, not  on  defectives."  No  one  who 
has  grasped  the  import  of  modern 
developments  in  genetics  can  fail  to 
perceive  that  the  only  way  to  eliminate 
many  defects  is  precisely  to  eliminate 
the  defectives;  and  that  the  way  to 
eliminate  the  defectives  is  precisely  to 
[jrevent  their  reproduction.  If  many 
French  eugenists  hold  such  view- 
points as  those  just  quoted,  the  pros- 
pects for  an  effective  campaign  are 
slight. 

It    is    true    enough    that    to     favor 


'  Eugeniquc  et  Selection,  par  E.  Apcrt,  L.  Cuenot,  le  Major  Darwin,  F.  Houssay,  L. 
March,  G.  Papillaut,  Ed.  Perrier,  Ch.  Richet,  G.  Schrciber.  Pp.  248,  prix  f.  15  net.  Biblio- 
theque  Gencrale  des  Sciences  Socialcs,  Librairie  Felix  Alcan,  Paris  (108,  Boul.  St.  Germain), 
1922. 
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the  reproduction  of  the  germinally 
superior  is  more  important  than  to 
prevent  the  reproduction  of  the  in- 
ferior (although  each  effort  has  its 
proper  place  in  eugenics)  ;  and  such 
measures  as  have  been  officially  adopt- 
ed in  France,  by  tending  to  increase 
the  birth  rate,  will  have  a  valuable 
eugenic  effect  in  so  far  as  they  are 
selective.  But  a  review  of  them  will 
show  that  they  leave  much  to  be 
desired. 

1.  The  law  of  July  13,  1913.  grants 
a  monthly  bonus  to  each  family  hav- 
ing more  than  three  children  under 
thirteen  years  of  age;  the  bonus  ap- 
plving  to  each  child  in  excess  of  three, 
and  continuing  until  the  child  reaches 
his  thirteenth  birthday.  The  state, 
department,  and  commune  join  in  the 
financial  provisions  for  this  bonus. 
the  amount  of  which  is  not  stated. 

2.  The  law  of  June  28,  1918,  prom- 
ises state  assistance  to  departments 
which  give  bonuses  for  children ;  the 
amount  contributed  by  the  state  vary- 
ing directly  with  the  number  of  fami- 
lies having  more  than  four  children, 
and  inversel}-  with  the  wealth  of  the 
department.  The  law  has  in  view  not 
only  an  allotment  for  the  maintenance 
of  children,  but  a  sort  of  insurance 
fund  which  will  provide  either  a 
capital  for  the  children  when  they 
mature,  or  else  an  old  age  pension 
for  their  parents.  But  the  terms  of 
this  law,  according  to  I..  March,  are 
too  onerous  to  ])ermit  the  ])articipa- 
tion  of  the  poorer  departments. 

3.  More  than  seventy  large  indus- 
trial organizations  have  established  as- 
sociations of  their  employees,  some- 
what similar  t(j  the  familiar  mutual 
benefit  association.  The  employees 
contribute  regularly  small  amounts, 
which  they  can  draw  out  as  their 
families  increase  in  size ;  and  the 
funds  are  increased  by  contribution 
of  the  employer,  ])roportional  to  the 
amount  of  his  total  payroll.  The  last 
provision  assures  that  the  employer 
will  have  no  interest  in  giving  a  job 
to  a  single  man  in  preference  to  a 
family   man. 

4.  Civil    service   emi)loyccs.   and   also 


those  of  many  private  enterprises, 
receive  regular  increases  in  pay  pro- 
portionate to  increases  in  their  fami- 
lies. 

5.  Tax  measures  provide  an  increase 
of  twenty-five  per  cent  in  the  income 
tax  of  bachelors,  and  exemptions  for 
the    fathers   of    families. 

(j.  Members  of  large  families  are 
granted   special   rates  on  the   railways. 

r.  The  law  of  July  31,  1920,  makes 
severe  provisions  against  abortion  and 
the  sale  of  contraceptives. 

Without  stopping  to  analyze  any  of 
these  measures  in  detail,  one  can  see 
at  a  glance  that  such  real  eugenic 
effect  as  they  may  have  is  for  the 
most  part  indirect  and,  so  to  speak, 
accidental.  On  the  whole,  they  ob- 
viously represent  an  attempt  to  secure 
(|uantity  of  population,  without  defi- 
nite   provision    for   quality. 

Numerous  other  measures  are  prt)- 
posed  by  the  writers  in  this  volume. 
G.  Schreiber,  secretary  of  the  French 
eugenics  society,  urges  the  importance 
of  a  compulsory  medical  examination 
prior  to  marriage, — without  any  pro- 
hibitory or  other  restrictive  measures 
attached  to  it.  Dr.  Apert  pleads  for 
an  intensification  of  the  campaign 
against  infant  mortality,  tuberculosis, 
syphilis,  and  alcoholism, — although  all 
four  of  these  afflictions  are,  strictly 
speaking,  eugenic  to  some  degree,  and 
their  reduction  should  therefore  be  ac- 
companied by  some  real  eugenic  meas- 
ures to  counterbalance.  ¥.  Houssay, 
in  a  most  interesting  communication, 
argues  that  much  of  the  sterility  of 
civilized  peoples  is  due  to  auto-intoxi- 
cation,  following  particularly  on  the 
excessive  use  of  meat,  alcohol,  and 
condiments,  and  cites  in  detail  an  ex- 
periment of  his  own  in  which  fowls 
fed  on  an  exclusive  diet  of  fresh  meat 
showed  progressive  sterility  until  in 
the  sixth  generation  the  line  became 
extinct.  Indeed,  every  one  of  the 
papers  in  this  volume  is  distinctly 
worth  study,  not  only  because  of  the 
information  i)resented.  but  because 
they  show  eugenics  in  what,  to  Ameri- 
cans,   is    for    the    most    ])art    a    novel 

aSl^Ct.  P.ML    POPENOE. 


THE  LIMITATIONS  AND  PROMISES  OF 

EUGENICS 


Robert  K.  Nabouks' 
Kinisas  State  Af/riciilfitrdI  CoUccjc 


IX  A  k'ttcr  to  Wallace,  as  lonf^  aj?o 
as  1857.  Darwin  said:  "You  ask 
whether  T  shall  discuss  man.  I 
think  I  shall  avoid  the  subject  as  sur- 
j-Qunded  with  prejudices;  though  I 
fully  admit  it  is  the  highest  and  most 
interesting  matter  for  the  naturalist." 
We  have  made  enormous  progress 
along"  manv  lines  in  the  sixty-five 
years  since  Darwin  made  this  modest 
hut  significant  statement,  but  as  stu- 
dents, are  we  yet  able  to  place  our- 
selves outside  the  herd  and  approach 
the  subject  of  the  evolution  of  human 
beings  and  human  society  in  the  spirit. 
and  with  the  method,  of  science?  As 
Karl  Pearson  submits  the  c^uestion, 
"Can  we  place  ourselves  outside  the 
community  of  which  we  form  a  part. 
and  study  the  effects  upon  it  of  en- 
vironment, of  occupation,  of  nourish- 
ment and  of  breeding  in  the  same 
judicial  manner  as  the  owner  of  a 
herd  of  shorthorns  approaches  the 
like  problem  ?"'  This  question  cannot 
he  answered  lightly,  "yes"  or  "no." 
according  to  the  taste  or  sentiment  or 
disposition  of  the  individual  or  the 
time. 

Complicating  any  efifort  at  an 
answer.  Pearson  suggests  that,  "We 
are  not  in  the  position  of  the  owners. 
but  we  are  members  of  the  herd  our- 
selves— with  all  the  feelings  of  our 
class,  the  prejudices  of  our  education, 
or  want  of  education,  the  strong  emo- 
tions of  our  sex  and  the  complex  pas- 
sions of  our  race."  As  yet  perhaps 
only  the  men  of  medicine  and  of  the 
judiciary  and  a  rare  psychologist,  are 
able  to  approach  the  ideal  of  placing 
themselves  ajjart.  and  repressing  stern- 
ly   the    ])ersonal     for    the    furtherance 


and  effectiveness  of  their  resi)ective 
professions.  I  mean  that  they  can  do 
this  and  still  be  interested  in.  and  even 
love  their  fellow  men.  in  contradistinc- 
tion to  that  cold-blooded,  nerveless 
placing  of  one's  self  outside  the  crowd 
for  base  purposes,  a  feat  which  can 
often  be  accomplished  by  the  lowest 
and  meanest.  Outside  the  noble  pro- 
fessions mentioned,  and  even  some  of 
their  members  are  at  times  under  sus- 
])icion,  it  is  doubtful  if  the  accom- 
plishment of  placing  one's  self  ajiart 
and  outside  the  herd  is  more  than 
rarely  effectively  attained.  If.  how- 
ever, it  can  be  agreed  that  there  are 
even  a  few  who  can  study  human 
beings  and  human  affairs  as  cases  and 
largely  without  the  deep  prejudices  al- 
ready enumerated,  then  we  have  made 
a  promising  start  and  a  practical  ideal 
beckons  us  on. 

The  Problem 

An  impediment  in  the  ]jath  of  prog- 
ress is  the  question  of  the  goal  toward 
which  to  drive.  Fortunately,  so  far 
as  can  be  seen,  this  need  not  cause 
delay  in  the  eugenics  movement  in 
the  near  future.  Nevertheless,  it  will 
necessarily  have  to  be  considered 
eventually.  Is  the  ideal  a  race  with  ]ier- 
fect  form  and  health,  the  jiopulation 
limited  so  that  there  will  be  abund- 
ance for  all,  each  individual  observing 
the  Golden  Rule;  no  strife,  no  wars, 
all  living  in  harmony  and  agreement, 
each  for  all  and  all  for  each ;  and 
everybody  living  to  extreme  old  age? 
What  a  monotonous,  uninteresting  sit- 
uation! Who  would  want  to  live 
there  and  then  ? 

Dr.  Schiller  observes  that : 


'■  Prosifk'iitial   address   before   the    Kansas   Academy   of   Science.   February    16,   1923. 
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Eugenics  and  civilization  are  actually  in 
the .  same  boat,  and  that  the  theoretic  dif- 
ficulties of  the  former  are  identical  with 
those  of  the  latter.  Both  are  rooted  in  the 
notion  of  the  good,  but  neither  of  them 
knows  what  the  good  is.  and  both  are 
vitally  affected  by  the  doubts  and  disputes 
that  beset  the  good.  If  we  cannot  tell  what 
the  good  is,  we  can  neither  know  how  to 
better  the  human  race,  nor  decide  whether 
civilization  is  or  is  not  a  good  thing.  And 
in  either  case,  if  we  disagree  about  the 
good,  we  shall  get  divergent  aims,  quarrel 
about  it,  and  shall  probably  have  to  fis;ht 
it  out;  with  the  result,  very  likely,  that 
botli   sidfs   will   miss   the   goofl   tiiey   aimed   at. 

To  know  what  is  the  g"Ood,  especial- 
ly in  such  a  large  matter  as  civihza- 
tion,  is  a  far  more  comi^lex  matter 
than  it  is  ordinarily  considered  to  be. 
In  the  oasis  and  city  Bokhara  the 
number  of  inhabitants  is  .strictly  lim- 
ited by  the  amount  of  water  brought 
down  from  the  mountains  by  the 
Zarafshan  River,  while  from  the  coun- 
try there  is  a  ve^ry  small  emigration 
of  the  surplus  population.  Social  and 
religious  customs  demand  that  every 
woman  bear  all  the  children  ])Ossible, 
and  death  is  a  conspicuous  feature, 
especially  among  the  young.  The 
enormous  population,  as  in  all  Orien- 
tal countries,  lives  exceedingly  scan- 
tily. With  eyes  opened  wide  with 
wonder  I  was  being  shown  around  by 
a  Russian  gentleman  and  was  making 
photographs  of  the  people  and  re- 
marks about  their  slow  ways,  viola- 
tions of  the  rules  of  sanitation  and 
health,  their  complacency,  imi)rovi- 
dence,  leaving  everything  to  Allah, 
and  so  forth.  Then  my  jihilosophic 
guide  said  : 

You  see  these  people  doing  all  these 
things  so  differently  from  the  strenuous 
ways  of  your  U.  S.  A.,  and  you  say  to 
them :  'Bokharans.  why  don't  you  wake  up 
and  take  to  the  strenuous  ways  of  my  coun- 
try? Why  put  off  till  tomorrow  that  which 
can  be  done  today;  you  fools!'  I,  a  Rus- 
sian from  Moscow,  say  to  them  (this  was 
a  few  days  before  the  beginning  of  the 
late  war),  'Why  don't  you  wake  up  and  do 
as  wc  Russians  do,'  and  I  say  'you  fools!' 
Then  these  people,  as  they  sit  around  sip- 
ping their  tea.  philosophising,  awaiting 
death  and  .Allah,  look  at  us  from  their  quiet 
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eyes,  as  we  'rubber  neck'  among  them,  and 
they  say,  'You  westerners,  you  nervous, 
strenuous  people,  quiet  your  nerves.  Why 
do  today  that  which  can  be  pTit  ofif  till  to- 
morrow? You  fools!'  Now,  professor,  I  ask 
you,  who  are  the  fools? 

Another  angle  of  the  same  problem 
is  given  by  Popenoe  and   Johnson: 

At  the  First  Race  Betterment  Congress  " 
at  Battle  Creek,  one  afternoon  the  discus- 
sion turned  to  the  children  of  the  slums, 
and  their  conditions  were  pictured  in  dark 
colors.  A  number  of  eugenists  remarked 
that  such  children  were  in  many  cases 
liandicapped  by  a  poor  heredity.  Then  the 
revered  Jacob  Riis  strode  upon  the  plat- 
form,   filled    with    indignation,    and    said : 

"We  have  heard  friends  here  talk  about 
heredity.  The  word  has  rung  in  my  ears 
until  I  am  sick  of  it.  Heredity  !  Heredity ! 
there  is  just  one  heredity  in  all  the  world 
that  is  ours — we  are  the  children  of  God, 
and  there  is  nothin.g  in  the  whole  big  world 
that  we   cannot   do   in   His   service   with    it." 

It  is  probably  not  beyond  the  truth  to 
say  that  in  this  statement  Jacob  Riis 
voiced  the  opinion  of  a  majority  of  the 
social  workers  of  this  country,  and  likewise 
a  majority  of  the  people  who  are  faithfully 
and  with  much  self-sacrifice  sup])orting 
charities,  uplift  movements,  reform  legisla- 
tion, and  philanthropic  attempts  at  social 
betterment  in  many  directions.  They  sup- 
pose that  they  are  at  the  same  time  making 
the  race  better  by  making  the  conditions 
better   in  which   people   live." 

This  introduces  the  problem,  and  it 
seems  to  me,  states  it  very  succinctly. 
It  is  the  problem  of  the  interactions 
of  the  factors  of  nature  and  of  nur- 
tin-e.  or  the  heritage  and  the  environ- 
ment. When  this  used  to  be  a  subjec* 
for  discussion  in  tiie  good  old  country 
school  debates,  we  usual'-y  treated  it 
as  though  one  or  the  other,  nature,  or 
nurture,  conijirised  the  whole  economy 
of  an  individurd.  In  such  a  debate  we 
succeeded  about  as  well  as  when  we 
took  sides  on  that  other  ancient  r|ue.s- 
tion  entitled  "What  would  happen  if 
an  irresistible  force  .should  meet  an 
immovable  body?"  The  answer  usu- 
allv  was.  "the  inevitable."  Like  the 
old  codger  who,  after  looking  a  giralTe 
over,  concluded  :  "Well,  there  just  ain't 
no  such  animal."  .so  we  might  begin 
with  the  i^remi.se  that  there  is  no  such 
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tiling'  as  the  lu'ritas^t'  without  environ- 
ment or  the  environment  without  the 
heritat^e — no  possibility  of  the  eonsid- 
eratit)n  of  nature  without  nurture,  or, 
nurture  without  nature.  The  factors 
of  each  are  inextricably  involved  with 
the  other.  It  is  a  bi<j  step  forward 
that  all  can  aj^^ree  on  this  ])oint.  as  I 
believe  we  do,  but  even  so.  we  have 
only  arrived  at  the  statue  where  dis- 
criminate consideration  is  possible. 

Are  Acquired  Characters  Inherited? 

We  are  impelled  thus  to  inquire 
whether  chansfes  in  the  environment, 
or  nurture,  will  change  the  nature  that 
has  been  inherited  in  such  manner 
that  the  changes  that  may  be  accom- 
plished can  be  transmitted  to  the  otT- 
spring-. 

Among  the  biologists  I  am  sure  it 
is  well  known  that  this  question  of 
the  inheritance  of  acquired  characters, 
or  the  induced  mutability  of  the  ger- 
minal substance,  is  to  the  front  and 
is  probably  as  lively  a  subject  of  dis- 
cussion today  as  it  ever  has  been  in 
the  past.  Let  us  examine  this  ques- 
tion as  well  as  may  be  possible  in  the 
time  at  our  disposal.  No  detailed 
presentation  of  the  data  is  intended 
now ;  only  references  may  be  made  to 
some  of  the  more  prominent  experi- 
ments. 

In  the  famous  experiments  of 
Browm-Sequard.  e])ilepsy  and  other 
characters  were  induced  in  guinea  pigs 
by  severing  the  spinal  cord,  or  sciatic 
nerves.  These  acquired  characters  a])- 
parently  were  inherited  by  the  off- 
spring, but  I  believe  geneticists  now 
recognize  that  this  claim  has  been  re- 
futed several  times.  I  know  no  in- 
vestigator who  now  attributes,  excejjt 
historically,  the  slightest  inijjortance 
to  them. 

Tower's  experiments  with  ])Otato 
beetles  were  ])0])ularly  widely  hailed 
as  giving  convincing  proof  of  the  ])os- 
sibility  of  the  permanent  moditication 
of  the  substance  bearing  the  factors 
of  the  heritage  by  the  impingment  of 
the  environment,  hut  critical  examina- 


tion of  his  data  leaves  much  to  be  de- 
sired. I  believe  it  is  the  consensus  of 
judgment,  and  without  disparagement 
of  his  brilliant  achievements,  that  an 
open  nn'nd  should  be  mp.intained  con- 
cerning the  interpretations  which 
ought  to  be  given  to  his  results. 

Kammerer.  an  Austrian  biologist, 
has  ])ublished  accounts  of  experiments 
on  the  inheritance  of  induced  char- 
acters in  certain  amphibia.  In  the  one 
case  a  frog,  Alytcs  obstclricans,  is 
found  in  nature  to  have  departed  from 
the  usual  habits  of  frogs  to  the  extent 
that  the  eggs  are  laid  and  fertilized 
while  the  pair  are  on  the  land.  After- 
ward, the  male,  on  whose  hind  legs 
the  fertilized  eggs  are  retained,  seeks 
water  where  hatching  takes  ])lace  and 
a  very  short  tadpole  stage  is  passed. 
Furthennore.  in  nature,  the  male  of 
Alytcs  does  not  have  pads,  or  swell- 
ings, on  his  thumbs  which  are  com- 
mon on  the  thumbs  of  other  frogs 
that  mate  in  the  w^ater  where  the  pads 
are  thought  to  be  helpful  in  holding 
to  the  bodies  of  the  females.  Briefly 
stated.  Kammerer  maintains  that  he 
has.  by  forcing  these  frogs  to  mate  in 
the  water  through  a  few  generations, 
caused  them  and  their  offs])ring  to  re- 
tain the  habit  of  mating  in  the  water, 
even  when  restored  to  conditions  fa- 
vorable for  mating  on  land,  and  that 
the  tadpole  stage  has  been  greatly 
lengthened.  But  of  probably  greater 
significance,  the  male  has  developed 
the  pads,  or  swellings,  on  the  thumbs 
which  enable  him  to  hold  the  females 
better  while  mating  in  the  water.  All 
this  is  thought  to  be  a  restoration,  and 
causing  to  be  inherited,  of  characters 
which  these  frogs  are  supposed  to 
have  lost,  presumably  by  use  and  dis- 
use, in  the  same  way  as  they  have 
now  been  restored. 

Kammerer  claims  also  that  he  has 
induced  heritable  color  changes  in 
salamanders  bv  maintaining  them  on 
differently  colored  soils. 

Professor  Bateson  has  assailed 
Kammerer's  work  on  a  number  of 
])oints  which   are  too   extensive  to   be 
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recounted  here.  Suffice  it  to  say  that 
Bateson  leaves  one  in  a  very  critical 
state  of  mind  regarding  Kammerer's 
claims.  On  the  other  hand,  McBride, 
the  English  zoologist,  gives  credence 
to  Kammerer's  published  results,  and 
claims  that  Bateson  is  too  severe  with 
him.  Nevertheless,  it  is  the  privilege, 
and  even  the  duty,  of  scientists  to 
maintain  an  attitude  of  skepticism  on 
crucial  results.  Pending  a  better  un- 
derstanding of  all  the  features  of 
Kammerer's  experiments,  and  inde- 
pendent rei)etition  of  them,  an  open 
mind  is  all  that  may  be  rightfully  de- 
manded of  anyone. 

Another  experiment  now  in  progress 
in  the  United  States  bears  on  this 
problem.  Guyer  and  Smith,  of  the 
University  of  Wisconsin,  injected  emul- 
sified lenses  of  the  eyes  of  rabbits  into 
hens.  Afterward  they  took  the  blood 
serum  of  the  hens,  presumably  contain- 
ing rabbit  lens  anti-bodies  and  injected 
it  into  the  blood  stream  of  pregnant 
rabbits.  When  the  young  of  these  rab- 
bits were  born  a  few  of  them  were 
found  to  have  various  degrees  of  de- 
fective lenses,  the  lenses  having  been 
almost  eliminated  in  some  cases.  These 
lens  defects  have  been  inherited  through 
several  generations,  through  the  male 
as  well  as  the  female  parent.  It  ap- 
pears that  the  anti-lens  substance 
acted  not  only  upon  the  lenses  of  the 
developing  rabbit  fetuses,  but  also  on 
the  germ  ])lasm ;  or  it  acted  on  the 
lenses  which  in  turn  produced  some- 
thing that  acted  on  the  germ  ])lasm. 

This  experiment,  conducted  by  biol- 
ogists of  such  integrity  and  training 
has  aroused  great  interest.  While 
as  in  almost  all  things,  there  is  room 
for  criticism  of  some  phases  of  the 
experiments,  nevertheless  great  hope 
of  real  ])rogress  in  this  field  has 
sjjrung  U]). 

That  nurture  may  often  have  tre- 
mendous influence  on  the  nature  that 
has  been  inherited  is  made  manifest 
in  many  ways,  as  illustrated  by  the 
effects  of  nutrition,  jjoisons.  heat  and 
light,  abrasions,  friction,  exercise,  and 


so  forth.  Most  people  assume  without 
question  that  such  effects  are  inherit- 
ed. Thousands  of  volumes  c -uld  be 
crowded  with  the  anecdotal  evidence 
supposed  to  exemplify  such  inherit- 
ance. There  are  also  the  efforts  of 
the  scientists,  many  more  than  those 
that  I  have  recounted.  Ne\erthe- 
less  none  of  these  accounts,  nor 
the  experiments,  leave  us  quite  cer- 
tain that  any  such  effects  recur  from 
generation  to  generation  without  the 
recurrence  of  the  affecting  agency. 
What  an  anomaly  that  with  the  abund- 
ant {)i)portunities  for  observation  not 
one  single  alleged  case  of  the  inherit- 
ance of  acquired  characters,  or  the  in- 
duced mutation  of  the  bearers  of  the 
heritage,  can  as  yet  be  accepted  with 
complete  conviction. 

That  is,  if  the  materials  and  condi- 
tions recorded  as  used  in  the  experi- 
ment were  duplicated  we  have  no 
assurance  that  similar  results  would 
be  obtained  by  indeiiendent  workers. 
Until  such  un(|uestioned  duj^lication  of 
results  are  obtained  by  others  using 
the  same,  or  similar  methods,  the  bril- 
liant experiments  of  Brown-Secjuard. 
Tower,  Kammerer,  and  Guyer  and 
-Smith  can  hardly  be  accorded  a  i)osi- 
tion  of  greater  conse(juence  than  that 
of  harbingers  of  promise,  and  stimu- 
lates to  further  effort. 

An  effort  has  been  made  to  ])resent 
the  most  striking  results  tending  to 
show  that  the  effects  of  the  environ- 
ment may  be  transmitted.  Fhe  tenta- 
tive conclusion  reached,  at  least  by 
the  speaker,  is  that  entirely  satisfac- 
torv   ])roof   has   not   l>een    forthcoming. 

The  Immutability  of  the  Germ  Plasm 

Now  let  us  examine  some  of  the  evi- 
dence which  indicates  how  difficult  it 
is  to  influence  the  germ  plasm  by  im- 
])ingement  with  the  environment.  One 
line  includes  ovarian  transplantation, 
another,  identical  twinning,  and  the 
third.  Mendelian  heredity. 

The  phvsiologist,  Heape.  took  the 
fertilized  egg  of  the  long-haired,  white 
.\ngora   rabbit  before  its  implantation 
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TWIN   LAMBS,   BUT   DIFFERENT   IN   COLOR 

FiGLRF.  12.  The  sire  of  these  lambs  was  a  black  hybrid  produced  by  crossing  a  Karakul 
ram  with  a  Cotswold  ewe,  similar  to  the  mother  of  the  lambs.  This  illustrates  Mcndelian 
segregation  of  characters,  as  the  black  and  white  color-factors  have  not  blended,  but  have 
remained  distinct.  If  mated  with  white  animals  all  the  offspring  of  the  white  lamb  would 
be  white,  while  half  of  the  black  lamb's  offspring  would  be  black  and  the  other  half   white. 


and  placed  it  in  the  uterus  of  the 
short-haired,  grray  Belgian  hare.  The 
Belgian  hare  than  gave  birth  to  a 
typical  long-haired,  white  Angora  rab- 
bit, without  the  slightest  resemblance 
of  the  Belgian  breed.  The  Belgian 
hare  to  whose  uterus  the  egg  had  been 
transplanted  had  been  only  the  fo.ster 
mother,  having  influenced  the  fetus. 
even  in  these  most  intimate  of  rela- 
tions, not  at  all. 

Castle  and  Phillips  performed,  in 
this  connection,  a  very  significant  ex- 
])eriment  using  guinea  pigs.  It  may 
best  be  described  in  Castle's  words  : 

A  female  albino  guinea  pig  just  attain- 
ing sexual  maturity  was  by  an  operation 
deprived  of  its  ovaries,  and  instead  of  the 
removed  ovaries  there  was  introduced  into 
her  body  the  ovaries  of  a  young  iilack 
female  guinea   ])ig.  not  yet   sexually  mature. 


aged  about  three  weeks.  The  grafted  animal 
was  now  mated  with  a  male  albino  guinea 
pig.  From  numerous  experiments  with 
aliiino  guinea  pigs  it  may  be  stated  em- 
phatically that  normal  Albinos  mated  to- 
gether, without  exception,  produce  only 
albino  young,  and  the  i)resumption  is 
strong,  therefore,  that  had  this  female  not 
been  operated  on  she  would  have  done  the 
same.  She  produced,  however,  by  the 
albino  male  three  litters  of  young,  which 
together  consisted  of  six  individuals,  all 
black.  The  first  litter  of  young  was  pro- 
duced about  six  months  after  the  operation, 
the  last  about  one  year.  The  transplanted 
ovarian  tissue  must  have  remained  in  its 
new  environment  therefore  from  four  to 
ten  months  before  the  eggs  attained  full 
growth  and  were  discharged;  ample  time,  it 
would  seem,  for  the  influence  of  a  foreign 
body  upon  the  inheritance  to  show  itself 
were  such   influence  possible. 

Another      similar     experiment      has 
been  ])erforme(l   in  poultry  by  Daven- 
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port  and  with  resuhs  identical  with 
those  obtained  by  Castle,  and  Heape, 
with  guinea  pigs  and  rabbits,  respect- 
ively. It  is  hardly  necessary  to  sug- 
gest that  these  results  offer  striking- 
evidence  of  the  preponderant  role 
played  by  the  germ  plasm  in  heredity. 
It  ajipears  that  the  germinal  material 
is  peculiarly  insulated  from  the  body 
as  far  as  any  influence  on  its  capacity 
as  the  carrier  of  the  heritage  goes. 

The  causes  of  the  ajjpearance  of  the 
two  kinds  of  twins  in  man  aj)pear 
now  to  be  quite  clearly  understood, 
due  to  the  brilliant  work  of  Galton, 
Newman,  and  Patterson.  The  one 
class  of  twins  may  consist  of  a  boy 
and  a  girl,  or  both  may  be  of  the  same 
sex.  In  either  case,  the  one  usually 
differs  from  the  other  in  respect  to  a 
few,  or  even  a  great  many,  character- 
istics, just  as  any  brother  may  differ 
from  brother,  sister  from  sister,  or  as 
sisters  from  brothers.  In  this,  the 
more  common  kind  of  twinning,  it 
appears  to  have  been  quite  definitely 
ascertained  that  each  individual  is  de- 
rived from  a  separate  egg.  and  as  far 
as  heredity  is  concerned,  the  difference 
between  the  two  may  be  the  same 
as  if  they  were  born  years  apart. 
.Such  twins  as  these  I  am  sure  you 
have  often  seen,  this  one  tall  and  thin 
the  other  short  and  fat.  the  one  with 
black,  the  other  with  blue  eyes;  the 
one  with  curly,  the  other  with  straight 
hair;  the  one  with  a  certain  disposi- 
tion, the  other  entirely  different,  and 
so  on,  as  might  be  the  case  among 
children  l)orn  of  the  same  parents  at 
the  usual   intervals. 

The  other  kind  are  designated  as 
identical  twins.  They  are  invariably 
of  the  same  sex.  and  are  alike  in  prac- 
tically nil  res])ects  at  birth.  It  appears 
well  estabJislied  that  they  are  l)oth 
derived  from  the  same  fertilized  egg 
cell. 

It  was  Sir  I'rancis  (jalton,  the 
father  of  eugenics,  who  made  the  first 
imi)()rtant  study  of  identical  twins, 
having  collected  accounts  of  eighty 
l<airs.      The  records  of  thirty-five  pairs 


were  given  with  remarkably  complete 
details.  These  records  showed  that 
such  twins  presented  extraordinary  re- 
semblances in  childhood,  and  these 
likenesses  persisted  to  a  remarkable 
degree  throughout  life.  \'ou  are  un- 
doubtedly familiar  with  one  or  more 
[jairs  of  such  identical  twins.  They 
invariably  have  the  same  bodily  char- 
acteristics, except  in  case  of  accident 
l)efore.  at,  or  after  birth,  and  their 
mental  and  other  traits  appear  also  t(< 
be  identical.  If  they  suffer  no  de- 
forming accidents,  and  are  dressed  in 
all  respects  alike,  it  is  quite  impossible 
to  distinguish  between  them.  It  has 
been  my  fortune  to  become  intimately 
accjuainted  with  two  pairs  of  such 
identical  twins.  In  the  one  case  two 
small  elementary  school  girls  were  ex- 
actly alike,  and  dressed  alike,  and 
although  I  taught  them  every  school 
day  for  several  months.  I  never  came 
to  the  point  where  it  was  possible  to 
know  them  apart.  Their  resemblances 
extended  to  mental  traits  also.  Two 
brothers  were  my  college  mates  for 
four  years,  living  in  the  same  house, 
and  i)art  of  the  time  in  adjoining 
rooms.  Although  they  were  my  inti- 
mate associates  in  many  affairs,  on 
account  of  their  similarity,  extending 
even  to  minute  matters  of  habit,  and 
as  they  took  pride  in  dressing  alike  in 
all  respects,  I  was  never  sure  of  their 
indiviclual  identity.  (  )ne  of  them  had 
s])ent  some  years  with  missionary 
])cU-ents  in  China,  while  the  other  had 
l)een  with  relatives  in  this  country, 
and  a  good  portion  of  their  lives  had 
been  lived  in  different  environments 
including  food  and  climate. 

(laltoii  narrates  numerous  amusing 
as  well  .'IS  serious  anecdotes  concern- 
ing the  eighty  pairs  of  identical  twins 
whose  histories  he  studied.  Most  of 
these  anecdotes  related  to  the  difficul- 
ties of  parents,  relatives  and  tutors 
and  even  of  the  twins  themselves  in 
distinguishing  between  the  members 
of  such  pairs.  In  one  case  doubt  re- 
mained whcher  the  children  were  not 
changed    in    their    bath,   and    the    pre- 
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INHERITANCE    IN    THE    GROUSE     LOCUST 

FicuRE  13.  This  pliutograpliic  chart  shows  the  inheritance  of  two  alleloinori)liic  char- 
acters in  the  Grouse  Locust  (Faratctti.v  te.vmius  Hancock).  When  the  pure  type  BB  is 
crossed  with  another  pure  type  CC,  the  resulting  locusts  are  all  of  the  genetic  constitution 
BC,  with  regard  to  the  two  characters  in  question.  When  these  hybrids  (the  first  hybrid 
generation,  or  Fi  of  the  geneticists)  are  inbred,  three  types  are  produced:  pure  BB's  (25  per 
cent),  BC's,  similar  to  those  in  the  preceding  generation  (oO  per  cent),  and  pure  CCJ's  ( 2o 
per  cent).  The  two  pure  types  breed  true,  while  the  hybrids  (BC).  when  inbred  give  the 
same  result  as  in  the  first  generation.  At  the  upper  right  and  upper  left  corners  are  shown 
the  results  of  mating  a  pure  type  with  an  intermediate.  This  chart  could  be  used  to  illustrate 
the  behavior  of  other  characters  in  the  Grouse  Locust,  and  of  many  characters  in  plants  and 
animals. 


Na])()iirs:   I'l-oniiscs  and  I .iniilations  of  luii^x-nics 


285 


sunicd  A  was  not  rcallv  l'>  and  vice 
versa.  Other  incidents  rans^e  from 
nine  cases  of  a  twin  seeing-  his  or  her 
reflection  in  a  lookinj^-<2^1ass  and  ad- 
dressing- it  in  the  belief  that  it  was 
the  other  twin  in  person,  to  the  (hfh- 
cuhy  which  children  found  in  distin- 
.q-uishins;'.  in  one  case,  a  mother  from 
her  identical  twin  sister,  and  another 
case,  a  father  from  his  identical  twin 
brother. 

In  ( ialton's  own  words: 

Amonsr  my  thirty-five  detailed  cases  of 
close  similarity,  there  are  no  less  than 
seven  in  which  both  twins  suffered  from 
some  special  ailment  or  had  some  excep- 
tional peculiarity.  Both  twins  are  apt  to 
sicken  at  the  same  time  in  no  less  than 
nine  out  of  the  thirty-five  cases.  Either 
their  illnesses,  to  which  I  refer,  were  non- 
contagious, or,  if  contagious,  the  twins 
caught  them  simultaneously;  they  did  not 
catch  them   the   one  from  the  other. 

Galton  found  that  in  many  cases  re- 
semblances in  body  and  mind  con- 
tinued unaltered  up  to  old  age,  not- 
withstanding jo-reatly  altered  condi- 
tions of  life.     He  says  further: 

The  twins  (not  identical)  who  closely 
resembled  each  other  in  childhood  and 
early  youth,  and  were  reared  under  not 
very  dissimilar  conditions,  either  grow  un- 
like through  the  development  of  natural 
(that  is,  inherited)  characteristics  which 
had  lain  dormant  at  first,  or  else  (if  iden- 
tical twins)  they  continue  their  lives  kee-i- 
ing  time  like  two  watches,  hardly  to  be 
thrown  out  of  accord,  except  by  some 
physical    jar." 

In  the  same  careful,  cautious  man- 
ner, Galton  examined  the  records  of  a 
large  number  of  ordinary  twins  who 
were  unlike  from  the  start.  It  is  a 
long  catalog  of  increasing  dissimilari- 
ties in  many  respects  of  body,  mind, 
di.sposition.  ability,  immunities  and 
susceptibilities,  although  the  environ- 
ment and  training  had  been  very  much 
the  same  throughout. 

He  then  concludes : 

'1  here  is  no  escape  from  the  conclusion 
that  nature  prevails  enormously  over  nur- 
ture, when  the  differences  of  nurture  do 
not  exceed  what  is  commonly  to  be  found 
among  persons  of  the  same  rank  in  society 
and   in  the   same  country. 


So  far  ])ractically  all  the  di.scussion 
has  centered  on  the  question  as  to 
whether  or  not  induced,  or  acquired, 
characteristics  may  be  transmitted  in 
the  heritage.  An  eff'ort  has  been  made 
to  jjresent  an  unbiased  summary  of 
the  evidence  both  for  and  against  the 
idea.  1die  only  fair  conclusion  which 
seems  ])ossil)]e  is  that  the  question 
may  not  at  the  present  time  be  an- 
swered positively  with  yes  or  no.  As 
indicated  already,  however,  the  alleged 
positive  evidence  is  not  satisfactory, 
wdiile  the  facts  against  the  idea  are 
certainly  cjuite  strong. 

Mendelian   Heredity 

The  sentiment  of  Jacob  Riis.  and 
the  word  sentiment  is  here  used  ad- 
visedly, that  by  making  the  condition's 
better  in  which  peojde  live  we  are  at 
the  same  time  making  the  race  better, 
certainly  strikes  the  i)opular  chord. 
If  there  were  no  alternative  to  this 
view  that  the  heritage  must  be  modified 
by  the  environment  before  race  im- 
provement is  possible,  the  outlook, 
from  the  point  of  view  maintained  in 
this  ])aper.  would  be  gloomy  indeed. 
Fortunately  there  are  alternatives  the 
features  of  which  have  undoubtedly 
been  involved  in  race  improvement 
for  ages,  perhaps  without  racial  con- 
sciousness, or  at  least  with  only  racial 
subconsciousness.  These  methods  are 
still  available,  but  whether  for  con- 
scious application,  or  not.  it  would 
probably  l^e  impirudent  at  the  present 
time  to  make  predictions.  One  of 
these  alternatives  that  I  would  like  to 
place  before  you  for  examination  con- 
sists of  the  principles  and  materials 
of  AFendelian  Heredity.  Naturally 
only  the  barest  outlines  of  so  inclusive 
a  subject  may  be  presented,  and  1 
shall  use.  for  the  most  part,  some  ma- 
terials with  which  I  am  most  familiar. 
A  breeding  investigation  using  or- 
ganisms such  as  the  grouse  locusts  is 
justified  and  su])ported  on  the  ground 
that  this,  sui)i)lemented  by  records  of 
the  breeding  results  in  cattle,  sheep, 
and  pigs  of  other,  including  commer- 
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cial.  projects,  and  such  records  of 
human  breeding  as  are  available, 
would  probably  be  the  most  direct 
method  of  approaching  an  understand- 
ing of  the  laws  governing  the  inherit- 
ance of  characters  in  domesticated 
animals  and  man.  Thousands  of 
grouse  locusts  of  strikingly  contrast- 
ing characters  and  for  ten  or  twelve 
succeeding  generations  may  be  bred 
with  the  facilities,  expense  and  time  re- 
quired in  breeding  one,  or  two,  of  the 
higher  domesticated  mammals.  Just 
as  the  bulk  of  the  facts  of  surgery 
and  medicine  has  been  gained  largely 
through  exi)eri  mentation  on  lower 
animals,  so  it  appears  that  an  ap- 
proach to  an  understanding  of  the 
laws  of  inheritance  as  applied  to 
domesticated  animals  and  man  may  be 
made,  with  proper  supplementation, 
largely  through  the  utilization  in  ex- 
l)erimentation  of  such  rapidly  breed- 
ing and  comjjaratively  simple  forms 
as  fruit  flies,  grouse  locusts  and  lower 
mammals. 

Th  breeding  ])ens  and  cages  of  the 
geneticists  are  instruments  analogous 
to  the  test  tubes  and  mortars  of  the 
chemist.  This  is  not  overdrawn,  for 
in  the  breeding  of  fruit  flies  millions 
of  reactions  of  the  factors  of  hereditv 
have  been  recorded.  In  one  experi- 
ment with  grasshoppers  we  have 
checked  and  recorded  more  than  350.- 
000  reactions  among  contrasting  char- 
acters. Many  other  grou])s  of  animals 
and  plants  have  been  used  in  the  same 
way.  It  is  a  fact  that  thousands  of 
the  factors  which  manifest  themselves 
ill  the  characters  of  animals  and  plants 
are  every  day  being  manipulated  with 
the  same  precision  and  method  as  are 
ap])licable  to  the  o])erations  of  the 
chemical  elements.  Kven  the  same 
difficulties  of  errors  resulting  from 
contaminations,  failure  in  the  identifi- 
cation of  end  results,  etc.,  have  to  l)e 
met.  The  jirecision  with  which  gene- 
tic factors  react  towards  each  other 
has  called  for  the  establishment  of  a 
s])ecial  branch  or  sub-branch  of 
mathematics  with  which  to  deal  with 
the    subject  :    so    that    nf)w    when    one 


contemplates  entering  the  field  of 
genetics  he  finds  a  knowledge  of  cer- 
tain lines  of  mathematics  a  prerequis- 
ite. 

There  are  about  140  characteristics 
of  man  known  to  be  inherited.  It  has 
been  ascertained  that  a  large  propor- 
tion of  these  are  inherited  according 
to  Mendelian  expectation,  and  none 
have  been  proved  to  be  inherited 
otherwise.  Color  blindness,  a  chart 
for  which  I  have  shown  (see  Figure 
14).  is  one  of  the  conspicuous  exam- 
ples of  those  which  have  been  thor- 
oughly worked  out.  Skin  color ;  the 
hair,  whether  straight,  curly,  kinkey. 
golden,  red  or  black  ;  tallness  ;  dwarf- 
ness ;  thinness ;  fatness  ;  bodily  mal- 
formation ;  susceptibilities  ;  immunities  : 
inebrity :  sobriety ;  se.x  immorality : 
criminality  ;  inbecility  ;  intellectuality  ; 
ambition ;  vigor ;  longevity ;  altruism 
and  religious  fervor  are  a  few  of  the 
constantly  increasing  number  of  such 
heritable  characters  that  are  coming 
into  recognition. 

We  have  time  to  consider  only  one 
characteristic  of  man,  besides  the  case 
of  color-blindness  alreadv  illustrated. 
I  shall  take  the  case  of  skin  color  of 
the  negro  studied  esjiecially  by  the 
Davenports.  .'Xfter  extensive  studies 
they  concluded  that  there  are  two  fac- 
tors for  black  pigmentation  in  the 
full-blooded  negro  of  the  West  coast 
of  Africa.  F)riefly  this  means  that 
the  mulatto  first  generation  offsjjring 
from  ])ure  black  crossed  with  ])ure 
whites,  when  inbred,  should  ])roduce 
one  pure  white  and  one  pure  black  in 
every  sixteen  of  the  second  generation 
otTs])ring.  (See  I'^igure  15.)  Now,  this 
refers  to  color  only.  According  to 
the  laws  of  the  shuHling  of  factors, 
the  ])ure  white  individual  in  color  may 
have  more  of  the  other  negroid  char- 
acteristics, such  as  flat  nose,  thick 
lips,  curly  hair,  mental  traits,  than  the 
pure  black  individual  of  the  same  par- 
entage and  z'icr  irrsa.  To  secure  a 
])ure  black,  with  all  other  negroid 
characters,  or  a  pure  white,  witii  all 
otlier  Caucasian  traits  from  mulattos 
would    be    a    verv    rare    occurrence    in- 
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INHERITANCE   OF   THREE   FACTORS  IN    THE    GROUSE  LOCUST 

Figure  15.  The  inheritance  of  color  characters  in  the  Grouse  Locust  is  analogous  to 
crosses  between  whites  and  negroes.  White  skin  color  in  man  is  believed  to  be  due  to  a 
single  factor  similar  to  that  of  the  white  Grouse  Locust.  BB  (upper  left-hand  corner  of 
chart).  Black  pigmentation  of  the  negro  is  controlled  by  two  factors,  as  is  the  case  with 
the  black  Grouse  Locust  (lower  right-hand  corner).  In  crossing  pure  white  individuals  with 
pure  black,  hyi)rids  or  "mulattoes"  are  produced  that  have  the  genetic  formula  BCS  (the  four 
figures  running  diagonally  across  from  upper  right  to  lower  left.)  When  these  "mulattoes" 
are  inbred,  the  result  is  that  represented  by  the  sixteen  figures  in  this  chart.  There  are  nine 
kinds  of  offspring,  and  all  can  be  recognized.  Of  the  sixteen,  one  will  be  pure  white  and 
<ine  pure  black,  as  far  as  color  factors  are  concerned,  but  other  factors  are  independently 
distributed. 
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deed.  This  accounts  for  the  appear- 
ance, on  South  State  Street,  Chicago, 
for  instance,  of  an  individual  as  black 
as  the  ace  of  spades,  but  with  a 
Caucasian  face,  straight  (even  red) 
hair,  with  the  color,  and  possibly  the 
mental  makeup  of  a  scion  of  the  old 
South.  On  the  other  hand,  one  may 
see  a  lily  white  individual  with  ne- 
groid face.  head,  and  hair,  and  many 
stages  between  these. 

A  criticism  that  comes  to  us  fre- 
quently is  to  the  effect  that  genetics, 
and  es])ecially  eugenics,  deals,  for  the 
most  ])art  with  malformations  and  dis- 
orders of  various  sorts — "albinos, 
brachydactyls,  cretins,  dwarfs,  freaks, 
giants,  herma])hrodites,  imbeciles. 
Jukes,  Kallikaks,  lunatics,  morons, 
polydactyls,  runts,  simpletons,  twins, 
and  Zeros ;  in  a  very  broad  and  gen- 
eral sense,  i)athological  i)henomena." 
The  evolutionists  particularly  make 
much  of  this.  Is  the  criticism  justifi- 
able? Morgan  who  has  lately  raised 
this  ])oint  meets  the  challenge  as  fol- 
lows : 

The  genctist  knows  tliat  opjioscd  ti>  each 
defect-producing  element  in  tlic  germ 
plasm  there  is  a  normal  partner  of  that 
element  which  we  call  its  allelomorph  We 
cannot  study  the  inheritance  of  one  mem- 
ber of  such  a  pair  of  genes  without  at  the 
same  time  studying  the  other.  Hence  what- 
ever we  learn  about  those  hereditary  ele- 
ments that  stand  for  defects,  v.-e  learn  just 
as     much     about     the     normal     partners     of 


those  elements.  In  a  word,  heredity  is  not 
confined  to  a  study  of  the  shufifling  of 
those  genes  that  produce  abnormal  forms, 
hut  is  equally  concerned  with  what  is 
going  on  when  normal  genes  are  redis- 
tributed. This  method  of  pitting  one  gene 
against  the  other  furnishes  the  only  kind 
of  information  relating  to  heredity  about 
which   we   have  precise   knowledge. 

To  be  sure  there  is  no  su])erman 
with  with  the  time  or  capacity  for 
controlling  mankind  as  a  herd,  in 
order  to  make  records  of  reactions  of 
his  characteristics  in  breeding.  Yet. 
as  pictured  by  Karl  Pearson  : 

M-n  himself  makes  the  experiments 
which  are  directly  impossible  for  the  eugen- 
ist.  This  stock  marries  kin  for  six  genera- 
tions; those  parents  surfeit  themselves  with 
alcohol,  there  the  tuberculous  talent  meets 
insanity;  here  the  man  of  genius  marries 
into  his  class;  there  he  takes  a  woman  of 
the  people.  There  is  hardly  a  phase  of 
nurture  and  of  environment,  and  of  parent- 
age and  of  ancestry  which  cannot  be  fol- 
lowed up.  not  in  a  single  experiment,  but 
in  repeated  experiments,  if  the  time  and 
energy    to    investigate    are    forthcoming. 

The  science  of  eugenics  does  n<it  propose 
to  experiment  on  man;  it  endeavors  to  lay 
before  us  the  experiments  of  man  on  him- 
self, and  this  in  such  numerous  cases  that 
the  evidence  must  carry  with  it  convic- 
tion. Our  object  is  to  form  an  analytical 
record  of  man's  experiments  on  himself, 
to  draw  from  the  history  of  his  successes 
and  failures  the  biological  laws  which  gov- 
ern his  social  development,  and  upon  the 
basis  of  the  knoweldge  thus  gained  to  pre- 
dict what  lines  of  conduct  foster,  wliat  lines 
check  national   welfare. 


A  Guide  Book  To  Health 


\\'ii\'  Dm-:  !~^()  \'()fNr,?  bv  John   IIl'kkk, 
A.   .M..  M.   1).     Pp.  3i;3.     New  York 
and   London,   llar])er  &  Rros.      I'.f.M. 
Dr.    Iluber's   attempt   is   to   outline   a 
course   of    living    for   all    ])cri()ds,    from 
infancy    to    old    age.    which    will    result 
in   the   best   ])ossible   health.      Logically 
enough,  he  begins  his  book  with  a  dis- 
cussion   of    hereditv.    and    this     mitrht 


have  \k-vu  made  both  interesting  and 
usL'ful,  for  a  great  deal  of  material  is 
available  on  the  relation  of  health  and 
disease  to  heredity.  The  author's  dis- 
cussion is  superficial  and  inadequate, 
however,  ihe  rest  of  the  book  is  made 
up  of  common  sense  advice  written  in 
an  uncjerstanflable  wav. 

P.    P. 
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TWINS  FROM   A   TWIN-BEARING    FAMILY 

These  boys  came  hnivjstly  by  being  twins.  In  fact,  they  were  hicky  nut  to  have  Ix-en 
f|uadruplets,  for  on  their  mother's  side  of  the  family  are  two  cases  of  twinning,  and  on  the 
father's  side  there  are  seven  pairs  of  twins.  Since  (jahon's  pioneer  studies  regarding  the 
similarities  and  difTereiices  of  twins  they  have  Ixen  of  perpetual  interest  to  students  of 
heredity,  and  their  popular  interest  antedates  (ialton  thousands  of  years,  at  least.  Later 
studies  but  serve  to  confirm  (ialton's  original  conclusion,  "that  nature  prevails  enormously 
over  nurture,  when  the  differences  of  nurture  do  not  exceed  what  is  commonly  to  be  found 
among  persons  in  the  same  rank  in  society  and  in  the  same  country."  (Frontispiece.) 
Sec  "Tii-iiis  .Ifiaiit."  I'y  .llhrrt   lid'ward   U'iiijiatn,  />.   :!I1. 


THE  THYROID  GLAND  AND 
DEVELOPXIENT 

1  ■' l<  i: I ) i: K I  ( •  K    S .     II  A  M  M ETT 

The  U'istiir  lustitutc  nf  .huitoiiiy  and  BioUxiy.  Pliihulclf^liia 


DK\'KL()PMI-:X'r  is  botli  (|ualita- 
tive  and  quantitative.  The  tyj)e 
and  functional  asjjects  of  devel- 
opment arc  qualitative.  The  extent 
and  rate  of  development  are  quantita- 
tive. Qualitative  development  is  spe- 
cific and  normally  fixed.  Quantitative 
development  is  specific  as  to  its  limita- 
tions but  is  subject  to  variation  due 
to  the  environmental  influences  of  diet, 
e.xercise.  toxemia,  and  so  forth.  The 
fundamental  type  of  structure  and 
function  characteristic  for  a  given 
sjiecies  is  what  sets  the  species  apart. 
The  differences  in  extent  and  rate  of 
development  of  individual  org'anisms 
within  a  species  are  causes  of  the 
variations  within  the  species.  These 
variations  may  be  proportionate  or 
disproportionate.  Proportionate  varia- 
tion occurs  when  inter-organic  differ- 
ential development  difYers  in  absolute 
but  not  in  relative  value.  Such  varia- 
tion gives  rise  to  a  series  of  individ- 
uals dififering  in  absolute  size,  but  not 
in  the  relative  sizes  of  the  constituent 
parts  of  the  individual.  Dispropor- 
tionate variation  occurs  when  the  rate 
or  extent  of  development  of  one  or 
more  parts  of  an  individual  with  re- 
spect to  other  parts  of  the  same  indiv- 
ual.  differ  from  the  rate  or  extent  of 
develo])ment  of  the  same  parts  in  an- 
other individual  with  respect  to  its 
other  parts. 

Disproportionate  developmental  var- 
iation gives  rise  to  groups  of  individ- 
uals which  for  want  of  a  better  term 
have  been  designated  as  "tyi)es"  with- 
in a  species.  These  "types"  dififer 
from  each  other  in  bodily  proportions, 
but  the  fundamental  s])ecific  tyi)e  is 
the  same  in  all.  That  is  to  say.  the 
(jualitative    development    is    the    same, 


while  the  (|uantitative  ditYerential  de- 
velopment is  different.  An  instructive 
classification  along  these  latter  lines 
has  been  given  by  Stockard  in  his 
broad  division  of  man  into  the  "Lin- 
ear" and  the  "Lateral"  type  of  struc- 
ture. 

Much  interesting  speculation  has 
been  made  of  the  role  of  the  thyroid 
gland  in  "type"  development  of  man. 
This,  as  should  be  clear  from  the  fore- 
going, is  actually  a  question  of  the 
l)art  played  by  thyroid  activity  in 
differential  development,  which  in  turn 
is  largely  a  phase  of  quantitative,  not 
of  qualitative  development.  Although 
it  is  possible  that  thyroid  function  is 
associated  with  qualitative  develop- 
ment, there  is  no  evidence  at  present 
available  which  would  justify  the.  allo- 
cation of  any  definite  influence  of  that 
gland  on  this  phase  of  growth. 

On  the  other  hand,  it  is  possible 
to  show  that  thyroid  activity  is  a 
factor  of  great  importance  in  quanti- 
tative differential  develo])ment.  It 
seems  best,  therefore,  at  the  present 
time,  to  confine  ourselves  to  an  inter- 
pretation of  known  facts,  rather  than 
to  attempt  the  elaboration  of  an  hy- 
pothesis for  which  no  ade(|uate  exj^er- 
imental   data  are  available. 

Other  things  being  equal,  cjuantita- 
tive  development  depends  on  the  kind 
and  amount  of  food  ingested  by  the 
individual,  although  there  is.  of  course, 
a  specific  limitation  of  the  size  to 
which  an  organism  can  grow.  Quan- 
titative (levelojjment  is  thus  intimately 
associated  with  metabolism.  There  is 
a  certain  fundamental  type  of  meta- 
bolism common  to  all  the  living  cells  f)f 
the  organism.  It  is  known  that  a 
function  of  the  thvroid  iriand  is  con- 
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GROWTH   OF   BRAIN    CONTROLLED    BY   THYROID    GLAND 

FiciiRE  1.  In  this  chart  the  brain  and  spinal  cord  arc  considered  as 
separate  organs  of  the  nervous  system.  The  operated  white  rats  had  their 
thyroid  glands  and  the  parathroids  removed,  and  the  effect  of  thyroi<l  removal 
was  determined  by  a  comparison  with  litter  controls  fifty  days  later.  The 
spinal  cord,  wiiich  ctMitrols  reflex  nervous  activities  of  the  organism,  repre- 
sents an  older  and  relatively  less  differentiated  part  of  the  nervous  system 
than  the  brain,  in  which  are  centered  tli.-  higher  mental  functions.  Cretins 
show  a  nearly  normal  deve]oi)ment  of  the  "cordal"  nervous  reactions,  but  an 
almost  total  absence  of  cerebral  functions.  These  experiments  indicate  why 
this  should  be  so. 


ccrned  in  the  maintenance  of  an  ade- 
(|uate  level  of  this  liasal  metabolism. 
In  adcUtion  to,  or  alonii;^  with  thi.s 
common  type  of  metabolism,  there  i.s 
evident  in  each  individual  orj:^an  a 
.specific  type  which  is  characteristic 
for  the  or^^an  in  question  in  the  nature 
of  its  assimilative  and  ])roductive 
phases.  The  adrenals  produce  ad- 
renin,    the    ])ancreas    secretes    trypsin, 


the  liver  assimilates  glucose  and  stores 
it  as  jT;lycoq;en.  and  so  on.  It  is  prob- 
able, tlioui^h  not  yet  demonstrated, 
that  thyroid  .i,dand  activity  has  an  in- 
fluence ujx)!!  the  specific  as  well  as 
the  j^eneral  metabolism  of  the  individ- 
tial  or^^ans.  It  is,  however,  evident 
that  the  thyroid  ji^land,  throug^h  its 
relations  to  the  metabolic  processes 
of  the  body  as  a  whole  and  of  its  parts, 
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EFFECT  OF  THYROID  GLAND  ON  GROWTH  OF  THE  GONADS 

Figure  2.  In  tlicse  white  rats  the  removal  of  the  thyroid  and  para- 
thyroid glands  has  resulted  in  the  male  gonads  reaching  only  abfiut  halt  the 
normal  development,  and  in  actual  degeneration  and  atrophy  of  the  female 
reproductive  organs.  Goiter  and  other  diseases  of  the  thyroid  are  much 
more  frequent  among  woman  than  among  men,  and  the  break-down  of  the 
thyroid  coincides  generally  with  a  period  of  change  or  stress  in  the  female 
reproductive  system.  These  charts  show  that  a  much  closer  relation  exists  be- 
tween the  reproductive  system  and  the  thyroid  in  the  female  than  in  the  male. 
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is  intimately  concerned  with  quantita- 
tive development. 

Clinical  observations  on  man  and 
extirpation  experiments  on  animals 
have  established  the  fact  that  a  defi- 
cient thyroid  secretion  results  in  a 
marked  retardation  of  body  growth. 
It  should  be  noted  that  present  evi- 
dence supports  the  belief  that  the 
retardation  accompanying  thyroid  de- 
ficiency is  a  consequence  of  the  low- 
ered plane  of  general  metabolism.  The 
earlier  idea  that  the  thyroid  gland 
j)roduces  a  secretion  specifically  stim- 
ulative of  growth  has  yet  to  be  sub- 
stantiated. 

The  studies  of  Swingle  and  others 
have  demonstrated  the  significant  role 
of  the  thyroid  in  differential  develop- 
ment of  amphibia  in  relation  to  meta- 
morphosis. No  systematic  quantita- 
tive studies  of  the  part  played  by  the 
gland  in  differential  development  of 
mammals  had  been  made  up  to  some- 
what over  three  years  ago  when  I 
began  experiments,  the  detailed  results 
of  which  are  being  published  in  a 
series  of  papers  in  other  journals.  The 
plan  of  the  investigation  and  the  pro- 
cedures employed  are  to  be  found  m 
these  communications.  This  paper 
deals  with  two  of  the  striking  evi- 
dences of  the  dependence  of  normal 
differential  development  on  thyroid 
function  and  certain  implications  to  be 
derived  therefrom.  The  observations 
were  made  on  albino  rats  of  both 
sexes,  adequately  controlled  as  to  litter, 
sex,  age.  diet,  and  environment,  during 
the  growth  period  from  100  to  loO 
days  of  age.  The  test,  or  thyroidless 
rats,  were  deprived  of  the  thyroid 
aj)paratus  (thyroid  plus  parathyroids ) 
when  100  days  of  age  and  allowed  to 
grow  until  150  days  old  when  they 
were  killed  and  the  appro])riate  meas- 
urements made.  The  values  so  ob- 
tained were  compared  with  those 
obtained   from  the  unoj^erated  controls. 

It  was  found,  as  others  have  found, 
that  the  loss  of  the  thyroid  secretion 
caused  a  marked  retardation  in  the 
growth    in    weight    of    the    body    as    a 


whole.  That  is  to  say,  total  quanti- 
tative development  was  retarded.  In 
addition  is  was  found  that  the  retard- 
ation was  not  a  simple  pioportionate 
retardation  in  which  the  organism 
at  the  terminal  stage  showed  the  same 
relative  composition  as  the  control. 
The  various  organs  differed  in  the  de- 
gree of  their  response  to  the  thyroid 
deficiency.  The  various  organs  did 
not  show  proportionate  degrees  of  re- 
tardation of  the  rate  and  extent  of  de- 
velopment. Disproportionate  variation 
in  the  development  of  different  organs 
was  caused.  A  "type"  of  organism  re- 
sulted which  was  different  from  the 
normal  for  the  grouj)  from  which  the 
test  animals  came.  \\'hen  the  internal 
environment  was  altered  1)\'  the  re- 
moval of  the  thyroid  ap])aratus  a 
differentiation  of  develo])ment  ob- 
tained. 

This  effect  is  c|uite  marked  in  the 
growth  of  the  central  nervous  system, 
as  represented  by  the  brain  and  spinal 
cord,  taken  as  separate  organs. 

In  order  that  the  effect  and  its  ex- 
tent may  l)e  made  clear,  there  is  given 
in  I'igure  1  the  growth  of  the  brain 
and  spinal  cord  of  the  thyroidless  rats 
in  terms  of  the  growth  of  these  struc- 
tures in  the  controls.  The  solid  black 
column  re])resents  the  growth  in  con- 
trols as  100  ])er  cent.  The  heights 
of  the  other  columns  re])resent  the 
degree  of  development  of  the  brain 
and  spinal  cord  of  the  male  and  female 
thyroidless  rats,  or  the  degree  to  which 
these  organs  failed  to  reach  the  nctrmal 
level. 

l^'rom  the  chart  it  is  at  once  evident 
that  the  removal  of  the  thyroid  func- 
tion does  not  have  the  same  (juantita- 
tive  effect  upon  the  development,  as 
measured  by  the  weight,  of  the  brain 
as  it  does  upon  the  spinal  cord.  The 
growtli  of  the  former  is  much  more 
markedly  retarded  than  is  the  growth 
of  the  latter.  The  lack  of  thyroid 
secretion  caused  a  disproportionate 
variation  in  the  differential  develop- 
ment of  these  two  parts  of  the  nervous 
svstcm  of  one  and  the  same  individual. 
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Effect  of  Thyroid  Deficiency  on 
Mentality 

These  observations  are  in  line  with 
clinical  reports  of  the  relative  physical 
and  psychic  develoj^ment  of  cretins. 
It  is  a  generally  accei)ted  theory  that 
cretinism  is  a  result  of  deficient  thy- 
roid activity.  This  theory  is  based 
on  the  fact  that  a  high  incidence  of 
thyroid  disturbance,  as  exi)ressed  by 
thyroid  hypertrophy,  is  usually  found 
in  the  region  where  cretinism  exists, 
and  that  certain  post-mortem  exami- 
nations of  cretins  show  either  the 
entire  absence  of  functioning  thyroid 
tissue,  or  a  thyroid  gland  of  very 
small  size  and  abnormal  structure. 
One  of  the  marked  characteristics 
of  the  cretins  is  the  low  mentality 
and  usually  small  size  of  the  skull 
cavity  and  brain.  These  individuals 
also  show  a  retardation  of  general 
growth.  However,  from  a  standpoint 
of  function,  their  physiological  and 
reflex  activities  as  mediated  by  the 
spinal  cord,  are  apparently  present  in 
the  normal  state  of  development,  while 
their  psychic  or  cerebral  potentialities 
are  decidedly  underdeveloped. 

It  is  hazardous  to  associate  size 
development  with  functional  develop- 
ment in  a  heterogeneous  stock.  The 
rats  which  were  used  in  my  experi- 
ments, however,  came  from  a  stock 
which  was  highly  homogeneous  and 
the  controls  were  litter  controls.  It 
is,  therefore,  not  an  expansion  into 
improbability  to  consider  that  along 
with  the  greater  retardation  of  brain 
growth  there  was  a  greater  retardation 
of  brain  function.  If  this  assumption 
is  correct  the  differential  effects  on  the 
central  nervous  system  of  thyroid 
deficiency  experimentally  produced  in 
albino  rats,  are  quits  analogous  to  the 
effects  of  a  thyroid  deficiency  on  the 
same  structures  in  cretins. 

The  Thyroid  and  Sex 

In  addition  to  the  difference  in  re- 
tardation of  brain  and  spinal  cord  in 
one  and  the  same  animal  there  is  ex- 
hibited a  sex  difference  in  that  in  the 


females  the  retardation  of  the  brain 
is  more  marked  than  in  the  males. 
It  might  be  noted  here  that  this  sex 
difference  in  developmental  rate  is 
not  confined  to  the  l)rain  but  is  a  gen- 
eral phenomenon  exhil)ited  hv  i^racti- 
cally  all  the  organs. 

This  sex  difference  is  shown  in  the 
greatest  degree  in  the  res])onse  of  the 
gonads  to  the  thyroid  deficiency.  The 
development  of  the  testes  and  ovaries 
of  the  thyroidless  rats  is  given  in 
Figure  2  in  terms  of  that  of  these 
organs  in  their  respective  controls. 

It  is  evident  that  the  development 
of  the  male  gonads  is  but  little  re- 
tarded by  the  lack  of  thyroid  secre- 
tion, while  the  development  of  the 
female  gonads  is  not  only  absolutely 
inhibited,  but  retrogressive  changes 
occur  and  weight  is  lost.  The  actual 
values  mean  that  the  growth  of  the 
testes  in  the  male  thyroidless  rats  was 
fifty-one  per  cent  of  that  of  the  con- 
trols for  the  same  age  period,  while  the 
ovaries  of  the  female  thyroidless  rats 
actually  lost  in  weight  over  twice 'as 
much  as  was  gained  by  their  controls. 

This  specific  sex  difference  points 
to  the  reason  why  thyroid  disturl)- 
ances.  particularly  goiter,  are  more 
frequent  in  women  than  in  men. 
Clinical  observations  show  that  coin- 
cident with  alterations  in  the  phvsio- 
logical  activity  of  the  ovaries,  such  as 
occur  at  puberty,  menstruation,  preg- 
nancy, and  the  menopause,  there  are 
often  changes  in  the  size  of  the  thy- 
roid. No  such  cyclic  changes  in  thy- 
roid size  have  been  demonstrated  in 
men.  Correlating  these  phenomena 
with  those  observed  in  the  develop- 
mental differences  in  the  gonads  of  the 
two  sexes  in  the  albino  rat.  it  is  evi- 
dent that  in  the  male  there  is  little 
interrelationshij)  between  the  thvroid 
gland  and  the  testes,  while  in  the 
female  a  high  degree  of  association 
is  shown  to  exist. 

This  difference  in  resjjonse  of  the 
gonads  of  the  two  sexes  to  the  thy- 
roid function  suggests  that  if  thyroid 
defects   are  transmissible,   the   line  of 
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influence  is  largel}^  through  the  female. 
This  idea  is  pure  speculation.  The 
data  now  available  do  not  even  justify 
the  setting-  up  of  an  hypothesis  but 
the   possibility   deserves    investigation. 

We  have  seen  from  the  foregoing 
that  the  quantitative  aspect  of  develop- 
ment is  de])endent  upon  thyroid  gland 
function.  When  this  is  lacking  the 
extent  and  rate  of  development  are 
not  only  retarded  but  become  dispro- 
portionate and  a  different  structural 
"type"  of  organism  is  produced  within 
the  species,  the  qualitative  develop- 
ment of  whicb  ap])arently  remains  the 
same. 

In  view  of  these  facts,  it  is  not  hard 
to  believe  that  differences  in  thyroid 
gland  activity  play  a  significant  role 
in  the  determination  of  some  of  the 
various  human  structural  types.     Cir- 


cumstantial evidence  leads  us  to  be- 
lieve that  environmental  influences  are 
powerful  factors  in  the  determination 
of  the  level  of  thyroid  gland  activity. 
Diet,  type  of  intestinal  flora,  and  emo- 
tional contacts  are  api)arently  factors 
of  importance.  The  direct  effect  of 
these  acting  through  the  thyroid  on 
bodily  structure  during  critical  periods 
of  development,  complicates  the  esti- 
mation of  the  intensity  of  the  factors 
of  heredity  in  the  determination  of  the 
adult  structure.  This  is  so  because  a 
(iis])r()portionate  variation  in  develop- 
ment within  a  species  may  as  well  be 
due  to  an  environmental  influence 
changing  the  level  of  thyroid  gland 
activity,  as  to  a  difference  in  the  rela- 
tive intensity  of  the  inherited  factors 
which  determine  the  structural  type 
of  the  species. 


Social  Conflict  and  Education 


PURELY  as  a  magnificent  example 
of  inductive  reasoning,  James 
Mickel  Williams'  Principles  of 
Social  Psychology'  is  admirable.  The 
reader  enjoys  the  mastery  of  scientific 
method,  the  induction  of  abstract  con- 
clusions from  concrete  examiiles,  gen- 
eralizations   from    particular    cases. 

But  he  inherent  importance  of  ex- 
amjjles  and  conclusions  greatly  sur- 
])asses  their  judicious  use  in  a  i>rocess 
of  reasoning.  The  material  Professor 
Williams  so  eft'ectively  uses  forms  the 
basis  for  a  study  of  conflict  in  modern 
social  organization.  It  is  the  author's 
])urpose  to  analyze  that  conflict,  look- 
ing into  its  causes,  manifestations,  and 
eflects  in  the  components  of  our  ])res- 
ent  social   structure. 

I'he  "{jsychology"  of  the  study 
comes  first  of  all  in  the  analysis  of  tiie 
forces  in  individuals  that  cau.se  con- 
flict. These  motives  Professor  Wil- 
liams is  pleased  to  group  into  several 
types  of  "dispositions"  according  to  the 


l)redominance  of  one  trait  over  others. 
The  groui)  includes  the  rivalrous,  the 
dominating,  the  fearful,  the  sympa- 
thetic, the  intellectual.  disi)ositions.  In 
modern  ])hraseolog\-  Professor  Wil- 
liams characterizes  human  nature  no 
less  delightfully  and  ai)tly  than  the 
classical  Greeks  sketched  types  of  men 
of  olden  days. 

"Sociology"  is  joined  with  "psych- 
ology" in  the  ex|>osition  of  these  dis- 
positions at  work  under  the  conditions 
of  our  social  fabric.  We  see  the  con- 
flict of  interests  in  economic  relations, 
in  ])olitical  relations,  in  professional  re- 
lations, in  family,  cultural,  educational 
relations,  and  the  reactions  of  sup- 
l)res.sed  impulses  on  all  these  asi)ects  of 
social  organization. 

This  analysis  is  not  always  gratify- 
ing to  our  vanity.  .Another  author 
might  have  made  of  the  .same  material 
a  caustic,  rei)ellent  attack  on  social  in- 
stitutions. Rut  Professor  Williams' 
(Coiiliiiui-<{  on   Page  322) 
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XV — Germless  Seeds' 

M.    Dk.mf.kkc 
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IX  the  winter  of  \^'l'l  a  peculiarity 
was  noted  on  th?  germinal  side  of 
several  seeds  taken  from  a  selfed 
ear.  Closer  observation  revealed  the 
fact  that  these  seeds  lacked  the  germ. 
The  ratio  of  normal  and  germless 
seeds  taken  from  the  same  ear  indi- 
cated that  the  germless  condition  might 
be  an  inherited  character.  Further  ob- 
servations established  this  fact  and 
gave  the  results  ])r'esented  below. 

Description   of   Germless   Seeds 

As  far  as  size  and  shape  are  con- 
cerned the  germless  seeds  are  normal 
or  practically  normal.  When  examined 
from  the  side  opposite  the  germ  in 
most  cases  they  cannot  be  distinguished 
from  normal  seeds.  When  viewed 
from  the  germinal  side  the  difference 
between  the  normal  and  germless  seeds 
can  be  readily  detected.  The  germinal 
area  of  a  germless  seed  is  without  a 
sharp  margin.  It  is  more  sunken  than 
in  a  normal  seed  and  is  covered  with 
wrinkled  pericarp,  which  looks  trans- 
lucent because  of  air  cavities  below. 
If  a  germless  seed  is  split  vertically  a 
cavity  is  found  in  the  place  where  the 
germ  is  normally  located.  The  differ- 
ence between  the  normal  and  germless 
seeds  can  be  seen   from   Figure  3. 

When  a  seed  with  sugary  endos]>erm 
is  germless,  the  germinal  area  is  still 
less  distinct  and  in  many  cases  the 
germinal  and  opposite  sides  can  hardly 
be  distinguished. 

From  the  observed  ratios  it  can  be 
concluded  that  the  germless  condition 
is  a  result  of  the  union  of  two  gametes 
both  of  which  are  carrying  necessary 
recessive  factors.  The  fertilization  is 
apparently    accomplished    and    the    de- 

'Paper   Xo.    Ill,   Department   of    Plant    Bre 


velopment  of  the  endosperm  proceeds 
nf)rmally,  but  the  development  of  the 
embrvo  is  stopped  in  some  early  stage 
of  its  growth.  Up  to  this  time  only 
mature  seeds  have  been  examined.  In 
some  of  them  only  traces  of  an  em- 
bryo could  be  detected ;  in  others  no 
signs  of  a  developing  embryo  could 
be  seen. 

Inheritance    of    Germless    Seeds 

No  special  crosses  were  made  f(jr  the 
study  of  the  inheritance  of  germless 
seed.  It  was  possible,  however,  to 
trace  the  behavior  of  the  character 
through  several  generations,  because  it 
was  found  in  several  families  grown 
for  the  genetical  study  of  other  char- 
acters. 

A  G;3  :1  Ratio — Three  plants  had 
been  pollinated  with  the  pollen  from  a 
Golden  Bantam  sweet  corn  plant,  which 
was  apparently  heterozygous  for  germ- 
less. Part  of  the  first  generation  ears 
grown  from  these  crosses  had  all  seeds 
normal,  and  the  other  ])art  segregated 
into  normal  and  germless.  with  the 
totals  given  in   Table   I. 

A  plant  from  family  311  was 
crossed  with  another  plant  fn)m  a  dif- 
ferent family  which  did  not  throw 
germless  seed.  Part  of  the  second 
generation  ears  were  normal  and  the 
other  part  segregated  as  shown  in 
Table   II. 

The  occurrence  of  ()3:1.  15:1  and 
3 :1  ratios  in  the  progenies  of  the 
crosses  made  by  the  pollen  from  a  sin- 
gle plant  and  its  progeny,  indicates 
that  in  this  case  the  homozygous  con- 
dition of  at  least  three  genes  was 
necessarv  for  the  exjjression  of  the 
germless  character. 

eding,   Cornell    University,    Ithaca.    Xcw    York. 
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A  9:7  Ratio — A  plant  of  the  Bod- 
wick  variety  grown  from  seed  obtained 
from  the  ^^lontana  Experiment  Station 
was  crossed  with  another  plant  from 
a  family  grown  for  several  years  at 
Cornell  for  genetical  studies.  Both  of 
these  plants  were  selfed  and  ]x)th  seg- 
regated for  germless  in  a  3:1  ratio. 
The  first  generation  from  this  cross 
had  all  seeds  normal  and  the  second 
segregated  as  shown  in  Table  III. 

The  occurrence  of  a  9:7  ratio  in  the 
second  generation  shows  that  two  inde- 
pendent factors  for  germless  were  pres- 
ent in  this  cross.  The  germless  charac- 
ters present  in  the  parents  were  pheno- 
typically  alike,  but  genetically  different. 

Conclusions — From  the  data  obtained 
it  can  be  concluded  that  the  germless 
])henotype  may  be  expressed  by  several 
genetically  different  factors.  The  evi- 
dence ])resented  shows  that  at  least 
four  different  factors  were  present  in 
the  families  discussed  above.  Three 
of  them  are  triplicate  genes  and  the 
fourth  one.  as  far  as  it  is  known,  acts 
as  an  independent  factor. 

Frequency  of  Germless  Seeds  Among 
Cultivated  Varieties  of  Maize 

Several  commercial  varieties  of  corn 
were  recently  included  in  the  stocks 
grown  for  genetical  studies,  because 
they  possessed  some  seedling  characters 


of  genetical  interest.  Progenies  of 
those  varieties  which  were  selfed  for 
two  or  three  generations  have  been 
examined  for  the  germles.-?  character. 
It  was  found  that  selfed  progenies 
from  about  seventy-five  per  cent  of  the 
commercial  varieties  examined  had 
some  germless  seeds.  The  ratio  in 
which  the  germless  character  segre- 
gated was  different  in  different  varie- 
ties, as  can  be  seen  in  Table  IV. 

Among  inbred  varieties  grown  at 
Cornell  for  breeding  purposes,  Profes- 
sor R.  G.  Wiggans  observed  germless 
seeds  in  the  following:  Cornell  II.  Al- 
vord's  White  Cap  Yellow  Dent.  Onon- 
daga White,  and  Latting's  Red  Cob 
White. 

Summary 

An  inherited  character  called  germ- 
less (  Cm  gm  )  is  described.  In  germ- 
less seeds  the  endosperm  is  developed 
normally  but  the  embryo  is  almost  or 
entirely  lacking. 

The  germless  condition  is  recessive 
to  normal.  Segregations  in  ().'3:1.  15:1. 
3:1  and  9:7  ratios  were  observed, 
which  indicates  the  presence  of  at  least 
four  genetic  factors  for  germless. 
Three  of  them  are  triplicate  genes. 

Germless  seeds  were  found  in  the 
majority  of  commercial  varieties  of 
which  selfed  progenies  were  examined. 


Tabi.k   I — Data  rcnardiiifi  the  scgrcfjatioti   of  cars  for  c/crmlcss  seeds  in   titr  first   firitrratinn 
of  certain  crosses  of  Golden  Bantam  szveel   corn. 


Family 
No. 


Normal 


Germless 


Total 


Ratio 


Expected 
Germless 


Difference 


311 

032 

l!t 

1055 

(i:{ :  1 

ir,.4 

2.6  ♦  2.70 

312 

792 

't't 

847 

15:1 

5:?.o 

2.0  1  4.46 

313 

142 

2 

140 

(•.:! :  1 

2  2 

.2  1   1.01 

313 

35 

2 

■M 

1 T) :  1 

2.3 

.3  1     .99 

Table  II — Segregation 

in  second  generation 

of 

heterozygous 

germless 

strain  X  normal. 

Family 
•^     Xo.            Xormal 

Cjormlcss            Total 

Ratio 

Kxpccted 
Germless 

Difference 

855                   569 
855                   679 

163                      732 
44                      723 

3:1 
15:1 

183 
45.2 

20     1  7.9 
1.2  1  4.9 

U  If  !f 
(f  M  MM 


GERMLESS   AND    NORMAL   SEEDS    IN    MAIZE 

FiGLKK  .'5.  Alternate  rows  show  gcrmless  and  normal  seeds,  the  second, 
fourth  and  sixth  rows  from  the  top  being  normal  seeds;  first,  third  and  fifth 
rows,  gcrmless  seeds.  The  upper  four  rows  show  longitudinal  sections  of  the 
seeds  through  the  embryo.  The  third  and  fourth  rows  show  seeds  that  have 
been  soaked  in  water  for  twenty- four  hours.  The  first  and  second  rows  show 
dry  seeds  ni  section.  Note  the  cavity  in  the  germless  seeds,  and  how  little 
change  has  been  produced  in  them  by  soaking  as  compared  with  the  normal, 
(termless  seeds  have  been  observed  in  a  number  of  variaties  of  maize,  but  the 
character  is  not  inherited  in  the  same  wav  in  all  of  them. 
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Table   III — Sr(jrrgation    in   the  second  (jciicratioii    of  a   cross   bcttvccii    tico   stni')is   of    )iia:.zc 

heterozygous  for  geniiless  seeds. 


Family 
No. 


814-1 
-9 

Total 


814-11 
-12 

Total 


Normal 


150 
191 


341 


80 
120 


200 


Germless 


Total 


Calculated 
Germless 


(3:1     Ratios) 
r-,9  20!) 

()i)  2()0 

128  4(19 

(9:7  Ratios) 
49  129 

79  199 

128  328 

(All  Seeds  Normal) 
.       814-8.  -13,  -15 


117.25 


143.5 


Difference 


10.75  t  r..32 


15.5  f  (5.08 


Tablk  IV — Ratios  observed  in  segregation 
of  germless  seeds  in  commercial  varieties  of 
vtaize. 


Family 
No. 


Name  and  Origin 
of  the  Variety 


Ratios 
Observed 


349 


"89 


r90 


High  Protein  Strain  from 

S.   Dakota   Exp.    Sta...  15:1,3:1 

Low  Ear  Strain,  S.  Da- 
kota  Exp.    Sta 63:1 

Parson's  Dry  Land  Corn, 
Montana    Exp.    Sta (71:15) 

Wisconsin  No.  10,  Mon- 
tana  Exp.    Sta 15:1 


792  Fort  Tottcn  Indian  Corn, 
Montana   Exp.   Sta 

345  Bodwick,  Montana  Exp. 
Sta 

33(5     South      American      Corn, 

Dr.    D.    F.   Jones 15: 

333  Pseudo  Starchy  Corn, 
Dr.   D.   F.  Jones 

344     Early    Canada   Flint,    Mr. 

Breck     15: 

791  Pride  of  the  North  Yel- 
low Dent,  Isbell  Seed 
Co.,    Jackson,    Mich.... 

45 1      Dulton's     Flint (53  : 1 

311-313     Golden     Bantam (53:1,15 

(51 3     Luce's     Favorite 15: 


3:1 
3:1 

1,  3:1 
15:1 

1.  3:1 


3:1 
.  15:1 
:  1 .  3  : 1 
I.  3:1 


The  Old  American  Stock 


Increase  or  Popll.xtion  in  the 
United  States  1910-1920:  A  study 
of  changes  in  the  poimlation  of  di- 
visions, states,  counties,  and  rural 
and  urban  areas,  and  in  sex.  color, 
and  nativity,  at  the  fourteenth  cen- 
sus, by  William  S.  Rossiter.  Cen- 
sus Monographs  No.  1,  pp.  255. 
Washington.  D.  C,  1922. 

Information  contained  in  many  large 
volumes  of  the  latest  census  has  been 
condensed  into  this  volume,  intended 
for  a  more  po])ular  presentation  of  the 
facts.  It  will  be  almost  indispensable 
to  those  interested  in  the  ]io])ulation  of 


this  ct)untry.  for  it  goes  far  beyond  il.^ 
title,  and  includes  comparisons  on  many 
])oints  as  far  back  as  the  first  census. 
To  a  eugenist  perhaps  the  most  in- 
teresting feature  are  the  calculations  at- 
tem])ing  to  determine  what  part  of  the 
present  jxipulation  is  descended  from 
])eople  who  were  living  in  the  United 
."States  in  1790.  Briefly,  it  is  figured 
that  jK-rhaps  20.00().00o'  of  tiie  present 
inhabitants  are  of  absolutely  pure  na- 
tive white  stock,  while  possibly  twice 
as  many  more  have  a  larger  or  smaller 
amount   of   the   same   "blood." 

P.    P. 


PROLIFIC  AND  OTHER  DWARF  OATS 

Dominant  Dwarfness  Observed  in  Two  Oat  Crosses 

T.   R.   Stanton 
U.  S.  Dcpart]ncnt   of  Agriculture,    IVashiinjtoii,  D.  C. 


DWARF    OATS    DOMINANT    TO    NORMAL 

Figure  4.  Progeny  rows  grown  at  Aberdeen,  Idaho,  in  1922  from  eight  prolific  dwarf 
plants  found  in  1921  in  a  nursery  row  of  the  Aurora  X  Pringle  Progress  cross.  Note  the 
two  normal  tall  plants  in  the  fifth  row  from  left.  The  dwarfs  appeared  in  the  sixth  hybrid 
generation  of  the  cross.  It  is  possible  that  the  two  tall  plants  may  have  resulted  from 
accidental  admixture  of  seed.  Further  genetic  studies  of  them  and  of  the  dwarfs  would 
be  necessary  to  determine  this.  If  the  tall  plants  prove  to  be  the  re.sult  of  segregation  it  will 
mean  that  the  dwarf  character  is  dominant,  which  is  exactly  the  reverse  of  what  has  been 
observed  in  other  crosses  with  oats. 


IX  a  nursery  row  of  oats  grown  at 
the  Aberdeen  Substation,  Aber- 
deen, Idaho,  in  1921,  eight  plants 
of  an  early,  ])rolific  dwarf  oat  ap- 
peared. The  plants  in  this  row  were 
grown   fmni  a  selection  of  a  cross  be- 


rtve-foot  row  at  Aberdeen  in  the  spring 
of  191 7  and  produced  nineteen  second 
generation  plants.  These  were  harvest- 
ed individually  and  sent  to  Washington 
by  C.  W.  W'arburton,  then  agronomist 
in    charge    of    oat    investigations.       In 


tween  the  Aurora  and  Pringle  Progress      the    spring    of    1918    seed    from    each 


varieties.  This  cross  was  made  by 
X\\t  writer  in  the  greenhouse  at  Arling- 
ton Exi)erimental  Farm,  Rosslyn,  \'a., 
in  the  s])ring  of  1916.  Only  one  cross- 
bred seed  was  obtained.  This  was 
sown  in  the  greenhou.se  in  the  fall  of 
1 91 6.  and  ])roduced  a  vigorous  plant. 
Seed    from   this   i)lant   was   sown   in   a 


second  generation  plant  was  sown  at 
Aberdeen  in  individual  five- foot  rows, 
producing  at  harvest  ai)proximately  500 
third  generation  plants.  Of  the  nine- 
teen progenies  nine  were  considered 
as  being  homozygous,  and  were  har- 
vested in  bulk  Among  these  nine, 
Xo.  1019  ai-i2B  was  included,  in  which 
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the  dwarfs  appeared  in  1921.  Of  the 
remaining  ten,  five  were  discarded  and 
further  selections  were  made  from  the 
others.  These  third  generation  progen- 
ies, including  the  nine  bulked  strains 
and  the  reselections,  again  were  grown 
in  five-foot  rows  at  Aberdeen  in  1919. 
In  1920  the  strain  1019  ai-i2B.  along 
with  twenty-four  others  of  this  cross. 
were  advanced  to  the  rod-row  nursery 
at  Aberdeen.  At  harvest  time  these 
rows  were  cut  in  the  usual  manner, 
but  no  dwarfs  were  noted  in  the  row 
of  1019  ai-i2B.  In  1921  these  same 
strains  were  once  more  included  in 
the  rod-row  nursery  at  Aberdeen,  and 
at  harvest  the  eight  dwarf  plants  were 
observed  in  the  row  of  selection  1019 
ai-i2B.  the  dwarfs  thus  appearing  in 
the  sixth  hybrid  generation  of  the 
cross. 

Progeny  of  the  Dwarf  Plants 

The  eight  dwarf  plants  were  harvest- 
ed individually  and  sown  in  five-foot 
rows    at    Aberdeen    in    the    spring    of 

1922.  The  eight  plants  bred  true  for 
dwarfness,  with  the  exception  of  one 
row,  in  which  two  tall  plants  appeared. 
It  is  possible  that  these  two  plants  were 
accidental  mixtures  and  not  plant  segre- 
gates. One  was  yellow-seeded  like  the 
Aurora  parent,  and  the  second  was 
black-seeded  unlike  the  other  parent. 
Pringle  Progress,  which  is  a  white  oat. 
To  determine  the  genotypic  make-up 
of  the  two  tall  plants,  individual  {pro- 
genies   from    them    will    be    grown    in 

1923,  as  well  as  from  the  dwarfs  in 
this  row.  The  eight  dwarf  mother 
plants  produced  about  230  dwarf 
plants. 

One  of  the  most  interesting  things 
about  this  dwarf  is  its  prolificacy.  Prac- 
tically every  culm  produced  a  small 
panicle  with  numerous  spikelets.  The 
plants  were  distinctly  turf-like,  in 
which  character  they  were  similar  to 
the  dwarfs  from  Victory  oats,  de- 
scribed by  Warburton.'  However,  in 
earliness   and    prolificacy    it    is    distinct 

'  Warburton,  C.  W.    The  Occurrence  of  Dwarfness  in  Oats.     J  our  I.  Amcr.  Soc.  Agron., 
xi  72-76.     1919. 


from  the  Victory  dwarf.  This  new 
dwarf  is  quite  early  and  produces  fully 
ripened  grain  in  abundance,  while  the 
Victory  dwarf  is  very  late  and  barely 
ripens  sufficient  seed  to  reproduce  it- 
self. The  prolificacy  of  the  dwarf 
plants  grown  at  Aberdeen  in  1922  is 
shown  in  Figure  4. 

The  genotypic  composition  of  the 
dwarf  form  has  not  been  determined 
by  crossing  it  with  the  normal  tall, 
but  it  is  possible  that  it  will  behave 
as  a  pure  recessive,  as  was  the  case 
in  the  dwarf  reported  by  \\'arburton. 
The  fact  that  it  was  not  found  until 
the  sixth  hybrid  generation  ma\'  be  due 
to  its  having  been  masked  in  some 
unknown  manner,  becoming  apparent 
only  after  proper  recombination  of 
factors  had  occurred.  On  the  other 
hand,  if  the  two  tall  plants  appearing 
in  the  progeny  of  the  one  dwarf  plant 
are  the  result  of  segregation  a  condi- 
tion directly  the  reverse  of  that  shown 
by  W'arburton  is  evident,  that  is,  the 
tall  character  must  be  considered  as 
recessive  and  the  dwarf  character  as 
dominant.  It  also  is  possible  that  the 
dwarfs  may  be  mutations,  or  that  they 
may  be  due  to  some  combination  that 
is  not  simple  in  nature.  That  the  con- 
dition is  complex  is  evidenced  by  the 
dwarfs  not  appearing  in  generations 
earlier  than  the  sixth. 

Dwarfness  in  Other  Hybrids 

In  1921.  dwarf  oats  also  api)eared 
at  Aberdeen  in  the  j^rogeny  of  another 
cross.  The  plant  material  in  which 
this  dwarf  appeared  represented  the 
fourth  generation  progeny  of  a  cross 
between  Winter  Turf  and  Sixty-Day. 
In  all.  eight  i)rogenies  of  this  cross 
were  grown  in  jilant  rows  at  Aberdeen 
in  1921.  which  represented  jilant  selec- 
tions from  third  generation  material. 
Of  these  eight  progenies,  three  pro- 
duced one  dwarf  i^lant  each.  The  num- 
ber of  dwarf  and  tall  plants  ])roduced 
in  the  three  segregating  rows  in  192^ 
is  shown  in  Table   i. 


m- 
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ANOTHER    CASE    OF    DOMINANT    DWARFNESS    IN    OATS 
Figure  5.     Progeny  of  one  of  the  mother-dwarfs   from  the   Winter   Turf    X    Sixtv-Dav 
cross.     Note  the  normal    (tall)    segregates   in   row   with   dwarfs.     Rows   in    foreground'  were 
cut  away  to  show  dwarfs.     The  evidence  that  the  dwarf  character  in  this  cross   is  dominant 
IS  more  conclusive  than   in  the  case   of  the  prolific  dwarf    (Figure   4) 


In  1922,  progenies  from  the  three 
dwarf  and  nineteen  of  the  fifty-two 
tall  plants  were  grown  in  individual 
five-foot  rows  at  Aberdeen.  The  nine- 
teen tall  plants  from  selection  1009 
b2-20-3-5  produced  approximately  450 
tall  plants  and  no  dwarfs,  thus  showing 
a  homozygous  condition  for  the  tall 
character.  Seed  of  the  tall  plants 
from  the  other  two  dwarf-producing 
progenies  of  1921  was  not  sown  indi- 
vidually in  1922,  but  in  bulk.  One 
panicle  was  taken  from  each  plant, 
thus  making  a  composite  sample  of 
seed.  From  this  seed  approximately 
200  plants  each  from  selection  1009 
b2-2o-3-6    and     1009    b2-20-3-7    were 


grown  in  1922.  These  rows  were  care- 
fully inspected  but  no  dwarfs  were 
found. 

As  to  the  behavior  of  the  progenies 
of  the  dwarfs,  the  number  of  tall  and 
dwarf  plants  produced  by  each  is 
shown  in  Table  2. 

According  to  the  data  shown  in 
Table  2,  the  three  dwarf  plants  pro- 
duced in  1 92 1  were  heterozygous.  Thev 
produced  a  progeny  of  seventy-five 
dwarf  and  twenty-two  tall  plants,  thus 
showing  an  approximate  ratio  of  three 
to  one.  The  interesting  feature  in  this 
connection  is  that  the  dwarfs  are 
heterozygous,  rather  than  the  tall 
plants,  indicating  a  condition  similar  to 
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that  possibly  existing  in  the  proHhc 
dwarf  previously  descril)ed,  provided 
the  tall  plants  appearing  in  the  progeny 
of  the  one  plant  were  the  result  of  a 
recombination  of  certain  factors  instead 
of  accidental  admixtures.  These  data 
indicate  that  the  dwarf  character  is 
dominant,  and  the  tall  character  reces- 
sive. This  condition,  therefore,  is 
directly  the  reverse  to  that  shown  by 
Warburton  in  the  dwarf  ]Mants  from 
Victory. 

The  three  mother-dwarf  plants  pro- 
duced in  1 92 1  as  well  as  the  seventy- 
five  grown  in  1922  wer:  decidedly  late 
in  maturity  and  not  very  prolific.  The 
jjrogeny  of  one  of  the  dwarf  plants  is 
shown  in  Figure  5.  In  most  characters 
they  resemble  very  closely  the  dwarfs 
describcfl   l)y    \\'arl)urton. 

Discussion  of  Results 

Assuming  that  the  two  tall  ]ilants 
appearing  in  the  relatively  large  dwarf 
])rogeny  from  the  Aurora  X  Pringle 
I'rogress  cross  were  accidental  mix- 
tures, and  that  the  dwarf  character  in 
this  cross  behaves  as  a  ])ure  recessive, 
there  still  remains  some  exjjlanation 
til  be  iiiailc  I  if  the  directly  reversed 
bcha\iin-  shown  in  the  progeny  of 
the  dwarf  ])lants  liDm  the  Winter 
Turf  X  Sixt\-I)ay  cross.  One  ex- 
planation for  the  ap])ea ranee  of  the 
a])parently  heterozygous  dwarf  is  that 
it  arose  as  a  result  of  a  mutation  af- 
fecting either  the  pollen  or  egg  cells 
of  a  n(»rmal  plant  and  resulting  in  the 
genotyi)ic  makc-u])  I)''  d'',  for  tbe 
dwarf,  assuming  that  I)  denotes  tbe 
presence  of  the  factor  for  dwarf ncss. 
In  the  next  gem'ration  this  W(»uld  ])ro 
duce  the   following  : 

„,    ,.       IJwarfs   ^ 
2  D''  d^ 

I   d''  d'^        Normal   i 

thus  gi\ing  a  simple  Mendelian  mono- 
hybrid  ratio  of  three  dwarfs  to  oiu- 
tall,  as  indicated   l)v  the  data   in   Table 


2.  The  origin  of  the  heterozygous 
dwarf  possibly  is  not  so  simple  as  the 
above   explanation   would   indicate. 

In  order  to  obtain  additional  data 
on  the  behavior  of  this  dwarf,  indi- 
vidual progenies  of  all  plants  pro- 
ducing seed  from  the  three  segregating 
rows  will  be  grown  in  1923.  The  seg- 
regates homozygous  for  dwarfness  will 
thus  be  determined.  These  then  will 
be  back-crossed  on  the  homozygous 
tails  in  an  attempt  to  determine  the 
\arious  factors  involved  in  the  produc- 
tion of  the  heterozygous  dwarf. 

Miyazawa"  very  recentlN-  bas  report- 
ed similar  hereditary  behavior  of  a 
dwarf  form  of  barley  in  which  the 
dwarf  character  is  dominant  and  the 
dwarf  plants  are  heterozygous,  a  pure 
dwarf  condition  apjiarently  being  lethal. 
He  obtained  a  ratio  of  api)roximately 
two  dwarfs  to  one  normal,  instead  of 
a  ratio  of  three  to  one.  from  which 
be  concluded  that  typical  segregation 
was  not  shown.  In  further  investiga- 
tions with  this  dwarf  he  discovered 
among  his  seedlings  a  new  dwarf  form 
(a  sterile  dwarf)  which  tillered  freely, 
but  grew  \ery  slowly  and  produced  no 
seed,  the  length  of  the  culm  being 
markedly  shorter  than  that  of  the  orig- 
inal or  non-sterile  dwarf.  Of  684 
plants  grown  he  classed  156  as  sterile 
dwarfs.  340  as  non-sterile  dwarfs,  and 
188  as  normal,  the  ratio  of  the  three 
tyi)es  thus  being  a])i)roximately  1:2:1. 
The  original  dwarf  foimd  in  KM  5  was 
described  as  being  intermediate  e.xter- 
nally.  that  is.  shorter  than  normal,  but 
taller  than  the  sterile  dwarf.  Theor- 
etically he  concludes  that  if  the  allelo- 
morph for  dwarfness  and  absence  of 
dwarfness  is  denoted  by  \)  and  d.  re- 
spectively, the  sterile  dwarf  :=  DO, 
the  normal  ^dd,  and  the  ordinary 
dwarf  :=  I)d.  On  the  basis  of  this 
explanation  he  stiggests  that  the  seed 
which  first  produced  the  flwarf  plant, 
Dd,  n.ay  ha\e  ari>en  from  (U\  bv  mu- 
tation. 


'MiVAz.wvA.    Bi  N(.().      I  Urcditary    Briiavior    ni    a    Dwarf    I-"i)rni    of    Bark-y    in    Japan: 
Jnurl.   Genetics,  xi:205-2o8:    i    plate,   Cambridge,    Dec.    1921. 
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Table   1.     XiDiihcr  of ^  tall  and  dwarf  plants  obtained  from   the   three  segregating   rows 
of  the   Winter  Turf  X  Sixty-Day  cross,  grown  at  Aberdeen,  Idaho,  in   1921. 


Row  No. 
1921 


Hybrid  No. 


Number  of  Plants 
Tall  Dwarf 


897 
898 
899 


1009  b2-20-3-s 
1009  h2-2o-y6 
1009  b2-20-3-7 

Total 


19 

16 

17 

52 


Table  2.     Segregation  of  the  three  dzvarf  plants  from   a   cross   betiveen   Winter   Turf 
and  Si.rty-Day  oats  grown  in  plant  rotvs  at  Aberdeen,  Idaho,  in   1922. 


Row  No. 
1922 


Hybrid  No. 


Number  of  Plants 
Tall  Dwarf 


486    and    487 
507    and     508 

517 


1009  b2-2o-3-5 
1009  b2-20-3-6 
1009  b2-20-3-7 

Total 
Approximate    ratio 


7 
II 

4 

22 
I 


36 
22 
17 

75 
3 


A  New  Edition  of  "The  Livestock  of  Great  Britain" 


Farm  Livestock  of  Great  Britain, 
h\  Robert  Wallace^  assisted  by 
y.  A.  Scott  Watson.  Fifth  edition. 
Oliver  and' Boyd.  Edinlmrgh.  Tweed- 
dale  Court.     1923. 

Since  the  first  edition  of  Professor 
Wallace's  book  appeared  in  1885  it  has 
been  recognized  as  the  standard  work 
on  its  subject.  The  fifth  edition  has 
just  been  issued.  It  has  been  revised 
and  consideral)ly  enlarged  with  the  as- 
sistance of  Professor  J.  A.  Scott  W'at- 
son,  Mr.  Wallace's  successor  as  Pro- 
fessor of  Agriculture  and  Rural  Econ- 
omy  in    the    University   of    Edinburgh. 

The  first  chapter  presents  a  con- 
densed but  sound  discussion  of  the 
modern  theory  of  heredity  and  its  ap- 
plication to  livestock  breeding.  The 
greater  portion  of  the  SdS  pages  are 
devoted  to  the  discussion  of  the  oriirin, 


development  and  present  characteristics 
of  the  British  breeds  of  livestock.  An 
enormous  body  of  facts  are  presented 
in  thoroughly  readable  style.  Chapters 
in  the  book  deal  with  the  management 
of  the  various  kinds  of  livestock  and 
with  their  diseases  and  with  the  home 
or  first  aid  treatment  of  these. 

One  of  the  most  valuable  features  of 
the  work  is  the  abundance  of  excellent 
illustrations.  442  plates  and  111  text 
figures.  We  find,  for  example,  no  less 
than  28  i)h()tographs  of  Shorthorn  cat- 
tle admirably  chosen  to  illustrate  the 
various  types,  Scotch,  -Booth,  Bates, 
milking  type.  etc.  These  photographs 
and  those  of  the  other  breeds  will  repay 
hours  of  study.  Altogether  the  l)ook 
is  one  which  should  be  familiar  to  all 
who  are  interested  in  the  improvement 
of  livestock. 

S.  W. 


A  HANDBOOK  OF  HUMAN  BIOLOGY 


A  Review 


HUMANISTS  often  are  jealous 
of  the  i)ii,^s.  calves  or  cabbages 
in  the  beiief  that  more  careful, 
scientific  study  has  l)een  t^iven  to  the 
plants  and  animals  than  to  the  human 
breed,  and  that  more  definite  informa- 
tion is  available  upon  the  in-oi:)er  hand- 
ling of  crops  and  herds  than  upon  the 
nurture  and  education  of  children. 
This  feeling  will  not  be  allayed  by  a 
reading  of  the  present  work,'  but  prog- 
ress is  made  through  every  recognition 
of  the  need  of  developing  the  human 
side  of  biology,  and  the  present  effort 
to  supply  this  enormous  deficiency 
should  be  highly  appreciated.  The  re- 
sult is  a  notable  achievement  that  must 
find  a  i)lace  in  all  working  libraries 
that  include  general  biology  and  the  so- 
cial   sciences. 

People  are  more  imi)ortant  than 
plants  and  animals,  and  partly  for  that 
reason  are  much  more  difficult  to  study 
scientifically,  because  regular  experi- 
mental methods  are  not  applicable  to 
normal  human  ])0]w1ations,  rarely  even 
to  a  few  individuals.  Hence  the  bio- 
logical data  of  humanity  are  restricted 
largely  to  observation  and  inference, 
which  are  much  more  difficult  to  make 
and  to  interpret  correctly  than  to  se- 
cure corres])onding  experimental  data 
from  other  species  that  can  be  placed 
under  controlled  conditions.  From  any 
agricultural  standpoint  the  human  crop 
must  be  reckoned  as  a  failure  if  we 
c(»nsi{k'r  how  few  of  our  young  men 
and  women  attain,  or  even  approach, 
the  full  standard  of  their  possibilities 
of  development.  We  are  becoming 
conscious  f)f  the  limitations  of  our  edu- 
cational system  but  lack  the  knowledge 
and  understanding  that  are  necessary 
to  devise  i)ractical  ways  to  change  it. 
As  it  is  necessary  to  go  outside  civi- 


lization and  live  with  savages  in  order 
to  begin  properly  to  appreciate  civili- 
zation, and  to  understand  what  civili- 
zation is.  so  it  is  necessary  to  go 
outside  of  man  to  the  life  of  animals 
and  })lants.  in  order  to  see  more  clearly 
what  is  peculiar  to  man,  and  thus  to 
gain  a  more  practical  consciousness  of 
human  development,  racial  and  indi- 
vidual. Most  of  the  animals  and  plants 
are  easily  found  and  studied  in  the 
wild  state,  so  that  we  may  know  their 
original  habits  and  the  conditions  and 
the  limiting  factors  of  their  develoj)- 
ment,  but  we  ha\e  only  fragmentary 
data  and  slight  understanding  of  the 
biology  of  primitive  man. 

Though  our  author  has  little  to  say 
directly  of  eugenics,  which  consciously 
has  figured  very  little  in  the  past  of 
human  development,  the  eugenic  posi- 
tion is  powerfully  supjjorted  by  a 
world-wide  collection  of  facts  relating 
to  human  existence,  and  showing  that 
in  one  form  *or  another,  natural,  politi- 
cal, economic,  social  or  religious,  there 
have  been  .selective  checks  to  rejjroduc- 
tion,  working  through  all  the  ages  and 
stages  of  human  ])rogress,  and  tending 
in  direct  or  different  ways  to  strength- 
en or  to  weaken  the  tendencies  of 
human  developiricnt.  What  we  begin 
to  see  as  we  become  more  conscious  of 
the  sorting  processes  of  the  ])resent 
age,  is  that  civilization  may  suspend  or 
reverse  the  conditions  of  natural  selec- 
tion that  tended  always  to  the  further 
improvement  of  the  race,  and  establish 
forms  of  negative  or  adverse  selection. 
If  special  ability  and  higher  education 
do  not  have  greater  survival  value,  so 
that  the  capable  are  more  likely  to 
marry  and  to  raise  larger  families  than 
less  capable  and  less  educated  peo])le. 
a   condition   of   negative   selection   must 


'  Carr-S.m-xuf.rs.    A.    M.      Tlw    Populal'um    Problem,    a    Study    in    Human    fivolulion. 
'p.  .5ir>.     The  O.xford  University    Press,    New   ^^1^k.  and    London,    1'.i22. 
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be  admitted  as  evidence  that  our  ])res- 
ent  system  is  unhiological  and  self -de- 
structive. 

Since  eugenics  as  a  practical  investi- 
gation needs  to  begin  with  a  conscious 
and  constructive  recognition  of  the 
biological  forces  that  have  been  active 
in  the  past,  and  have  brought  us  w^here 
we  are,  such  a  survey  of  the  data  of 
human  development  is  a  fundamental 
contribution  to  eugenics.  Though  the 
standpoint  of  the  present  work  might 
be  described  as  Alalthusian,  in  the  sense 
of  reckoning  human  fecundity  as  nor- 
mally in  excess,  and  often  outrunning 
the  economic  development  of  primitive 
peoples,  this  has  no  relation  to  the  birth 
control  vagaries  of  Malthusianism. 
That  some  of  these  notions  have  had 
the  support  of  John  Stuart  Mill  and 
other  well-known  names  only  shows  the 
greater  need  of  scientific  recognition 
and  study  of  the  population   factors. 

Following  a  critical  historical  review 
of  previous  studies  of  population,  data 
are  assembled  from  many  fields  of  in- 
quiry, anthropology,  ethnology,  psy- 
chology, pathology,  history,  politics,  and 
education.  Conditions  of  primitive  and 
prehistoric  life  are  considered  for  fish- 
ing and  hunting  tribes,  and  for  early 
agricultural  stages,  contrasting  with 
urban  and  industrial  conditions  of  the 
historical  periods,  ancient,  mediaeval, 
and  modern.  How  fecundity  is  re- 
stricted and  regulated  among  primi- 
tive peoples  by  the  conditions  of  ex- 
istence and  by  mental  habits,  social 
customs  and  religious  beliefs,  all  work- 
ing automatically  and  unconsciously  as 
checks  on  ix)pulation,  is  outlined  and 
documented  to  an  extent  that  can  leave 
no  doubt  of  the  vast  importance  in 
former  times  of  many  factors  of  se- 
lective elimination. 

That  most  of  these  primitive  selec- 
tive factors  have  become  almost  en- 
tirely inelTective  in  the  present  state  of 
civilization,  but  have  not  been  replaced 
by  any  other  system  for  maintaining 
the  quality  of  the  human  organism,  is 
a  most  disquieting  aspect  of  human 
biology.  Though  it  may  be  doubted 
or  denied  that  selection   is  strictlv  and 


properly  considered  as  a  cause  of  evo- 
lution, there  is  no  such  doubt  or  denial 
of  the  power  of  negative  selection,  to 
weaken  or  destroy  any  special  charac- 
ter or  ability  that  for  any  reason  is 
excluded  from  reproduction.  If  the 
effect  of  civilization  is  to  preserve  the 
weak  and  incapable  while  the  strong 
and  able  stocks  are  consumed  in  lead- 
ership or  otherwise  excluded  from  re- 
production, the  quality  of  the  race 
must  decline,  so  that  the  decay  of  civi- 
lization can  ])e  reduced  to  a  simple 
biological  formula  of  negative  selection. 
This  is  going  somewhat  beyond  our 
author,  though  not  out  of  line  with  his 
argument. 

Later  chapters  of  the  book  are  espe- 
cially needed  by  those  extreme  cugenists 
whose  zeal  for  germinal  impro\-e- 
ment  leads  to  a  disregard  of  the  en- 
vironmental and  educational  factors  of 
development.  The  last  three  chapters, 
on  "tradition"  are  very  valuable  in  their 
clear  recognition  of  what  so  many 
writers  on  history  and  education  leave 
out  of  account,  that  the  "tradition"  or 
carry-over  of  experience  and  opinion 
from  each  generation  to  the  next  is  the 
chief  factor  in  developing  or  maintain- 
ing civilization.  Our  author  does  not 
seem  to  see  as  clearly  as  he  might  that 
the  problem  of  "tradition"  is  the 
problem  of  education,  or  that  an 
over-developed  institutional  system  of 
education  is  not  an  adequate  vehicle 
for  "tradition,"  but  tends  rather  to 
separate  and  reduce  the  contacts  be- 
tween the  generations. 

The  peculiar  relation  of  agricultural 
life  to  the  development  of  civilization 
in  providing  the  full  contacts  between 
the  generations  that  are  necessary  for 
developing  and  maintaining  civilizations 
are  also  not  recognized  with  sufficient 
clearness,  though  the  treatment  of 
Payne's  "History  of  the  New  World 
Called  America."  is  followed  in  trying 
to  place  history  on  an  agricultural 
basis.  Even  Payne's  mistake  of  sup- 
posing that  rice  originated  in  .Ajnerica 
figures  in  the  discussion  of  primitive 
agricultural  conditions  in  America. 
Many   special    features   of   the   work 
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would  be  of  interest  from  the  stand- 
point of  current  discussions,  but  a  sin- 
gle example  must  suffice.  A  complete 
negative  is  given  to  an  idea  frequently 
indulged  by  writers  on  the  oriental 
problem,  that  a  solution  may  be  found 
in   emigration,   to    relieve    the    pressure 


of  population.  This  belief  appears  al- 
together unwarranted  v/hen  account  is 
taken  of  the  rapid  rate  of  increase  that 
must  be  expected  and  the  very  brief 
l^eriod  that  would  be  required  to  fill  up 
Japan  or  China,  or  the  whole  of  Asia, 
and  the  other  continents  as  well. 


EUGENICAL  STERILIZATION 

A  Review 


ORGANIZED  interest  in  eugenics 
in  the  United  States  goes  back 
little  more  than  twenty  years. 
As  an  outgrowth  of  the  activity  start- 
ed by  the  rediscovery  of  Mendel's 
Laws,  the  American  Breeders'  Asso- 
ciation was  organized  in  1905  (its 
name  being  changed  in  1913  to  Amer- 
ican Genetic  Association)  ;  and  in  the 
following  year  it  created  a  committee 
on  eugenics,  which  a  few  years  later 
was  elevated  to  the  jjosition  of  a 
section. 

Even  before  this — namely,  in  the 
first  ])art  of  1905 — the  Pennsylvania 
Legislature  had  passed  the  first  steril- 
ization law.  and  thus  started  a  move- 
ment which  has  ever  since  been,  in 
the  minds  of  some  people.  largely  syn- 
onymous   with    eugenics. 

The  Pennsyhania  bill  was  vetoed 
in  an  ignorant  and  facetious  message 
from  Gov.  Samuel  \\'.  Pennybacker ; 
but  two  years  later  Indiana  adopted 
a  similar  measure  which  was  put 
into   effect. 

In  1911  the  eugenics  section  of  this 
association  formed  a  committee  "to 
study  and  rejxirt  on  the  best  practical 
means  for  cutting  off  the  defective 
germ-plasm  in  the  American  i)opula- 
tion."      The    late    Bleecker    Van    Wag- 


enen  was  chairman  of  this  committee : 
H.  H.  Laughlin.  superintendent  of 
the  Eugenics  Record  Office  at  Cold 
Spring  Harbor,  Long  Island,  as  secre- 
tary of  the  committee  immediately 
began  a  study  of  the  subject.'  which 
he  has  continued  for  the  past  twelve 
years,  until  the  body  of  material  he 
has  accumulated  has  been  published.^ 
in  the  form  of  a  report  of  the  psycho- 
pathic laboratory  of  the  municipal 
court  of  Chicago.  It  forms  by  far 
the  most  complete  and  factual  study 
of  the  subject  that  has  been  made, 
and  must  stand  for  a  long  time  as 
the  standard  work  of  reference  in 
this    field. 

Meanwhile,  fifteen  states  have  adopt- 
ed sterilization  laws  at  one  time  or 
another,  and  in  a  dozen  of  these 
states,  operations,  to  the  total  number 
of  3.233  (data  as  of  Jan.  1.  1921) 
have  been  performed.  Dr.  Laughlin 
summarizes  the  status  of  the  laws  as 
follows : 

AmoiiR  tlie  1.')  states  which  have  enacted 
cuRenical  sterilization  statutes  the  law  is 
still  on  the  statute  hooks,  unattacked  by  the 
courts  and  therefore  available  for  use,  in  the 
followiuR  nine  states:  California.  Connecti- 
cut. Iowa,  Kansas.  Nebraska,  North  Dakota, 
South  Dakota.  Washington,  and  Wisconsin. 
California.    Connecticut,    Kansas,    Iowa,    and 


'A  preliminary  report  was  made  by  Mr.  Van  WaRcnen  at  the  First  International  Con- 
gress of  Eugenics  (London.  1912);  a  second  report  was  published  in  two  bulletins  of  the 
Eugenics  Record  Office  in  February,  1014:  "The  Scope  «)f  the  Committee's  Work"  (Bulletin 
10-a),  and  "The  Legal.  Legislative  and  Administrative  Aspects  of  Sterilization"  (Bulletin 
10-b),  both  written  by   Dr.   Laughlin. 

'EfGF.MCAL  Stkrii.ization  IN  THK  United  Statf.s,  by  Harrv  Hamilton  Laic.hun, 
D.  Sc.  Pp.  502.  Published  by  the  Psychopathic  laboratory  of  the  Municipal  Court  of 
Chicago,  December.  I".i22. 
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Washington,  have  each  enacted  more  than 
one   eugenical   sterilization   statute. 

In  Cahfornia  and  Nebraska  the  law  is 
functioning  in  a  very  satisfactory  manner. 
In  Connecticut,  North  Dakota,  and  Wiscon- 
sin, similarly,  the  law  is  being  applied  in  a 
satisfactory  manner,  but  to  a  very  limited 
extent.  In  Washington  and  Nebraska  spe- 
cial executive  machinery  of  proved  com- 
petency is  entrusted  with  the  enforcement  of 
the  sterilization  law.  In  Kansas  and  Iowa 
it  has  fallen  into  disuse.  In  South  Dakota 
the  statute   is  practically  a  dead  letter. 

In  Iowa  the  law  of  1913  was  declared 
unconstitutional ;  it  was  repealed  and  re- 
enacted  in  new  and,  apparently,  constitutional 
form,  in  1915.  In  New  York  the  law  was 
declared  unconstitutional  by  the  courts 
(1918)  and  repealed  (1920),  but  has  not  yet 
been  re-enacted  by  the  legislature.  In  New 
Jersey,  Nevada,  Michigan,  Indiana,  and 
Oregon,  the  laws  were  declared  unconstitu- 
tional by  the  courts  but  are  still  on  the  stat- 
ute books,  dead  letters.  In  the  state  of 
AVashington  litigation  resulted  in  upholding 
the  constitutionality  of  a  very  drastic  eugeni- 
cal and  punitive  sterilization  law. 

Eugenical  sterilization  laws  have  been  ve- 
toed by  the  governors  of  Pennsylvania 
(1905,  1921),  Oregon  (1909),  Vermont 
(1913),  Nebraska  (1913),  and  Idaho  (1919), 
subsequently,  however,  Oregon  (1917)  and 
Nebraska  (1915)  enacted  successful  laws. 
In  Oregon,  also,  a  former  sterilization  law 
was    revoked    (1913)    by    referendum. 

Under  the  law  thus  far  there  have  been 
eugenical  sterilizations  in  only  state  institu- 
tions for  (1)  the  insane,  (2)  feebleminded, 
and  (3)  criminalistic.  No  eugenical  sterili- 
zation operations  have  thus  far  been  per- 
formed in — 

(a)  State  institutions  for  the  (1)  ine- 
briates, (2)  diseased,  (3)  blind,  (4)  deaf, 
(5)  deformed,  (6)  dependent,  (7)  epileptic, 
nor  in 

(b)  County,  municipal,  or  private  institu- 
tions for  any  type  of  the  socially  inadequate, 
nor 

(c)  Among  the  socially  inadequate  and 
cacogenic  individuals  in  the  population  at 
large. 

AnalyziniL;-  the  data  from  another 
point  of  view,  there  have  been  alto- 
gether 124  state  institutions  legally 
authorized  to  perform  sterilization 
operations,  or  which  31  have  made 
more  or  less  use  of  their  authority, 
while  93  have  not.  At  the  present 
time  (i.  e.,  Jan.  1,  1921)  there  are 
TO  state  institutions  legally  entitled  to 
the  practice.  The  number  of  opera- 
tions  performed,  by  classes,   is: 


Feebleminded    403 

Insane    2,700 

Criminalistic    130 

Total 3.233 

By  .states,  the  operations  are  divided 
as    follows : 

California    2,558 

Connecticut   27 

Indiana    120 

Iowa    49 

Kansas   54 

Michigan    1 

Nebraska    155 

Nevada    0 

New  Jersey    0 

New  York    42 

North   Dakota    23 

Oregon    127 

South  Dakota  0 

Washington    1 

Wisconsin    76 

Total    3.233 

It  thus  appears  that  a  single  state 
is  responsible  for  the  great  bulk  of 
the  operations  listed;  and  in  this  state 
a  single  institution  (the  state  hospital 
for  the  insane  at  Patton)  is  responsible 
for   1,009  cases. 

Dr.  Laughlin  publishes  the  texts  of 
all  the  laws,  past  or  present ;  the  veto 
messages  where  such  action  was  taken ; 
the  briefs  and  decisions  in  all  litiga- 
tion on  the  subject;  opinions  by  at- 
torne}-s-general  and  others ;  together 
with  a  handy  analysis  of  all  this  mate- 
rial. He  also  presents  his  idea  of  a 
model  sterilization  law,  with  the  neces- 
sary forms  for  putting  it  into  efifect. 

A  chapter  of  eleven  pages  is  devoted 
to  a  review  of  evidence  and  testimony 
(mostly  the  latter)  as  to  the  physio- 
logical and  mental  effects  of  sexual 
sterilization.  Unfortunately,  no  satis- 
factory evidence  is  presented  on  one 
of  the  most  important  phases  of  the 
whole  subject,  namely,  the  supposition 
that  the  release  of  sterilized  individuals 
with  feeble  inhibitions  or  anti-social 
tendencies  is  simply  equivalent  to  the 
creation  of  so  manv  new  and  virulent 
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foci  of  dissemination  of  venereal  di- 
seases and   promiscuity. 

Many  collateral  data  of  interest  are 
recorded,  such  as  a  list  (with  biblio- 
graphical references)  of  all  the  traits 
in  man  which  have  been  shown  or 
supposed  by  one  or  another  investi- 
gator to  be  hereditary ;  a  list  of  in- 
stitutions and  organizations  particularly 
concerned  with  eugenics ;  and  tables 
showing  the  probable  results  of  dif- 
ferent  types   of    mating. 

Dr.  Laughlin's  analysis  of  the  state 
laws  now  in  force  shows  that  none  of 
them  is  free  from  defects,  and  some 
of  them  are  definitely  bad  from  the 
point  of  view  of  the  biologist.  He 
fjelieves  that  the  right  of  the  state  to 
pass  and  enforce  a  eugenical  steriliza- 
tion law  is  pretty  certain ;  it  is  not 
so   much   now   a   question   of   constitu- 


tionality as  a  question  of  policy.  It 
is  probably  a  fair  deduction  from  the 
facts  he  presents,  that  eugenical  sterili- 
zation laws  are  gradually  losing  inter- 
est for  the  public,  and  to  some  extent 
at  least  for  professed  eugenists.  They 
may  have  legitimate  application  in  cer- 
tain directions,  as  among  the  insane, 
but  for  the  most  part  it  has  come  to 
1)6  recognized  that  persons  of  a 
markedly  defective  type  ought  to  have 
life-long  custody  with  separation  of 
the  sexes, — that  it  is  not  fair  either 
to  them  or  to  to  society  to  set  them 
free,  sterilized  or  not,  and  expect  them 
to  hold  their  own  with  the  normal 
members  of  society.  But  if  they  are 
thus  in  custody,  sterilization  is  quite 
unnecessary  because  useless. 

— Paul  Popenoe. 


Female  Pure-Bred  Livestock  Shows  Rapid  Increase 


When  farmers  adojjt  ])ure-l)red  sires 
to  head  their  herds  and  flocks  it  is  not 
long  before  the  percentage  of  jiure- 
bred  females  increases  notably.  This 
encouraging  tendency  toward  more 
rapid  improvement  of  live  stock  has 
been  brought  out  l)y  the  United 
States  l)e])artment  of  Agriculture  in 
the  "Retter  Sires — P)etter  Live  Stock" 
campaign. 

Of  a  total  of  more  than  200.000  fe- 
male animals  listed  by  farmers  who 
have  agreed  to  keep  nothing  but  pure- 
bred sires,  more  than  35  per  cent  are 
of  pure  breeding.  On  these  farms 
scrubs  have  practically  disappeared. 
For  the  larger  animals  the  reports 
show  that  only  2.4  per  cent  of  the  fe- 
males are  scrubs  and,  of  course,  the 
males  are  of  pure  blood,  as  that  is 
the  basis  (»n  which  the  farms  arc 
listed. 

The  poultry  flocks  owned  by  these 
farmers  are  particularly  well  bred, 
only    1.3   per   iciit    of  the    female   birds 


being  listed  as  scrubs.  More  than  68 
per  cent  of  a  total  of  610.000  birds  are 
entered  on  the  list  as  standard  bred. 
Among  the  herds  of  swine  there  are 
very  few  scrub  sows — onlv  1.1  ])er 
cent.  Nearly  two-thirds  of  them  are 
pure  bred. 

This  Federal-State  effort  to  imi>rove 
the  live  stock  and  jjoultry  of  the  coun- 
try has  now  brought  in  a  membership 
camjjaign  that  rejiresents  nearly  a  mil- 
lion head  of  animals  and  i)oultry. 
Farmers  who  have  become  members 
have  sent  in  interesting  accf)unts  of 
their  experiences  in  improving  their 
animals  and  their  bank  accounts 
Other  farmers  who  are  taking  j^art  in 
the  work  are  invited  by  the  depart- 
ment to  send  in  their  individual  ex- 
periences as  well  as  those  of  com- 
munity organizations  engaged  in  the 
improvement  (»f  live  stock.  Definite 
facts  and  figures  should  be  included 
whenever  ]>ossil)lc. — ('.  .V.  Department 
of   .{iiru  ultiire. 


TWINS  AGAIN 

Albert  Edward  Wiggam 
New  York  City 


IDENTICAL   AND    UNLIKE    TWINS 

Figure  6.  Leopold  Klein  and  his  twin  brother,  eighty-seven  years  old,  have  been  dis- 
similar throughout  their  lives,  although  reared  and  still  living  under  very  similar  conditions. 
The  Fairbanks  twins,  Broadway  stars,  are  seated  between  the  Klein  brothers.  Their  mental 
similarity  is  so  great  that  they  were  constantly  accused  of  copying  each  other's  work  when 
in  school.  The  Austin  twins  (lower  left)  are  very  close  duplicates,  patches  of  freckles 
below  their  eyes  being  almost  indistinguishable  in  pattern.  The  other  girls  are  also  identical 
twins,  but  their  pose  does  not  show  their  similarity  so  well. 

TWINS  are  of  perennial  interest,  they  are  entirely  in  harmony  with  all 

both  pojnilar  and  scientific.  The  previous    studies    and    emphasize    the 

writer    recently    sent    out    a    re-  fact  that  the   nearer   we   approach    in 

quest    for   twins   through    one    of    the  identity    of    physical    organization,    the 

popular  magazines,  and  received  por-  nearer  we  seem  to  approach  in  mental 

traits  of  more  than  one  hundred  pairs,  traits.      I'^ir    instance,    the   writer   and 

with      numerous      interesting      details  his  wife  found  that  by  first  inspecting 

about  many  of  them.     While  the  data  the  photograi^hs  sent  in  and  estimating 

by  themselves  would  not  enable  us  to  the    relative   resemblances    in    physical 

arrive  at   any   definite   conclusion,   yet  appearance,    we    could    make    a    pretty 
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NINETY-THREE   : 

Ki(.rRF.  7.  A  "Twin  Matinee"  was  given  in  honor  of  the  Fairbanks  twins,  stars  in  "T 
invited  free  of  charge,  and  ninety-tliree  pairs  of  those  who  accepted  the  invitation,  as  wel 
tancously  by  the  identical  pairs. 


2/'^ 


IRS   OF   TWINS 

Little  (jirls  in   Blue,"  at   the  Coiien   Theater   in   New   York,    May    18,    1<)21.     Twins   were 
s   several   odd   twins,   are    shown    here.      Note    similarity    of    the    positions    assumed    spon- 
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THE    FARMER    TWINS 

I-'iGURE  8.  The  l-arnur  twins  arc  contracting  masons  in  Xiw  York  City.  They  state 
that  they  were  horn  with  the  finjjers  interlocked  as  shown  in  the  photopraph.  Possihly  this 
has  some  connection  with  the  ])ecnliar  marks  in  tlie  pahns  of  their  kit  iiands  (see  hipure  9). 
Tlieir  workmen  are  not  al)le  to  tell  which  twin  is  directing  them,  and  their  voices  can  only 
he  distinguished  with  difficulty.  At  seventy-eight  their  physical  condition  and  energy  is 
extremely  similar. 


close  jj;ues.s  as  to  what  the  intOnuants 
would  relate  in  their  letters  as  to  their 
mental  and  tem])eranit'ntal  resem- 
hlances.  In  reading,'  many  of  the  let- 
ters one  could  scarcely  hcl])  helii'vin.i,' 
he  was  merely  reading  over  aj^ain  (ial- 
ton's  letters  from  twins  written  nearly 
half  a  century  aj.,'ii. 

Ninety-three  Pairs  of   Twins 

Durinq-  this  work  a  musical  comedy 
on  P> roadway.  "Two  Little  Ciirls  in 
P)lue."  advertised  a  "twin   matinee"  in 


honor  of  the  l-'airhanks  twins,  two 
younju  ladies,  stars  in  the  i)lay,  and  the 
^romson  twins,  two  yountj;'  men  siiii^ers 
oi  the  cast,  at  which  "all  twins  in 
New  ^'ork"  were  invited  free  of 
chartje.  Such  an  array  of  duplicated 
luunan  heinpfs  prohabl)  never  before 
was  assembled.  The  writer,  a  twin, 
sat  where  he  could  observe  the  audi- 
ence. To  see  faces  apparently  identi- 
cal, scattered  in  pairs  all  over  the 
auditorium,  movitiij.  lauj^diinj,'  or  sit- 
tintr  at  attention  in  what  aj)peared  to 
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PECULIAR  ABNORMALITY  IN   HANDS  OF  FARMER  TWINS 

Figure  0.  This  unusual  "corrugation"  was  present  at  birth,  and  after  more  than  half 
a  century  of  handling  mason's  tools  and  rough  stones  these  marks  are  still  as  well  defined 
as  ever,  and  still  nearly  as  similar  as  at  birth.  Note  the  characteristic  position  of  the  little 
fingers,  and  the  similarity  of  the  lines   in  the  palms  of  the  hands. 


be  precisely  the  same  attitudes,  laugh- 
ing in  the  same  key,  their  faces  fur- 
rowed and  wrinkled  in  the  same  lines 
at  ever>'  expression  of  emotion,  was  a 
unique  experience.  Ninety-three  pairs 
and  one  or  two  odd  ones  were  photo- 
graphed in  a  grouj)  at  the  close  of  the 
performance.  As  will  be  noticed  in 
the  photograph,  the  "identical"  twins 
are  mainly  disposed  spontaneously  in 
similar  attitudes,  while  those  who  are 
plainly  unlike  stand  or  sit  differently. 
The  twins  ranged  in  ages  from,  seven 
years  up  to  eighty-seven,  the  latter, 
the  Klein  biothers,  unlike  twins,  of 
Brooklyn,  receiving  a  gold  medal  as 
the  oldest  twins  present.  They  in- 
formed   the    writer   that    thc\-    had    al- 


ways   lived    very    much    together    but 
"were  not  much  like  each  other." 

The  same  thing  came  out  in  this 
study  that  has  appeared  in  all  studies, 
especially  that  of  the  Journal  of  Her- 
edity, that  the  more  alike  twins  are, 
the  more  interest  they  take  in  each 
other.  Over  three-fourths  of  my  cor- 
respondents were  very  much  alike. 
At  this  twin  matinee,  nearly  all  of  the 
I)airs  were  of  the  similar  type.  Omaha. 
Nebraska,  reports  a  "Twin  Club"  of 
fifty  pairs,  and  Berkeley,  California, 
a  club  with  over  one  hundred  pairs, 
and  judging  from  the  pictures  sent  the 
writer  from  these  clubs,  the  same  phe- 
nomena hold  good  in  these  assem- 
blages of  unicpie  htuiian  beings,  since 
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TWO  TWIN-BEARING   FAMILIES 

FiciRK  10.  Males  arc  denoted  by  squares,  females  by  circles.  Double  symbols  indicate 
twins.  The  last  pair  of  twins  in  the  Bush  family  are  the  two  boys  shown  in  the  Frontispiece. 
All  the  pairs  are  monosexual  twins  in  both  families,  but  sume  of  the  pairs  in  the  "'W'"  family 
are  known  not  to  be  identical.  These  charts  do  not  tell  much  about  tlie  manner  of  inheritance 
of  twinninp,  but  they  do  indicate  that  the  character  is  hereditary   in  some   families,  at   least. 


nearly  all  appear  t(»  he  of  the  similar 
type.  .Another  point  \vc  found  was 
that  as  they  approach  each  other  in 
a|)pcarance  almost,  not  (jtiite  tmiforni- 
ly,  they  ex])ress  increasinj^  fondness 
for  each  other.  It  could  be  imagined 
that  if.  throttijh  the  inbrccdinj:::  and 
assortative  matinj.j,  husbands  and  wives 
should  ever  become  as  nearly  alike  in 
make-up  as  some  of  these  twins  are. 
that  the  divorce  courts  would  be 
forced  out  of  business.  One  twin, 
--evidently    hitj^hly    educated,    writes    of 


herself  and  her  brother,  "reared 
tnider  exactly  same  environment,  but 
we  liave  never  aj.jreed  on  anythinj^.  I 
love  school  work  and  he  hates  it. 
He  dislikes  everythini^  I  am  fond  of. 
althou.ijh  we  get  along  well  t(»gether." 
Two  brothers,  obviously  unlike  in  aj)- 
pearance,  write:  "One  is  fond  of  out- 
door life,  and  the  other  enjoys  books 
and  indoor  study."  Twins  seem  to 
have  their  drawbacks.  One  mother 
writes.  "I  am  getting  tired  of  having 
to  drop  my  work  and  go  to  the  other 


\\i 
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end  of  the  town  to  the  school  huikhn.s^ 
to  help  the  snperintendent  decide  which 
twin  he  oui^^ht  to  .si)ank  and  in  some 
cases  to  decide  which  one  he  has  al- 
ready  spanked." 

Many  superstitions  evidently  prevail 
about  twins.  Several  persons  wrote 
to  ask  if  marrying  a  twin  would  not 
cause  infertility,  or  else  defective  off- 
springy.  One  woman,  however,  wrote 
that  she  had  always  heard  that  if  she 
married  a  twin  she  could  not  produce 
children,  when  as  she  remarks,  her 
"first  baby  was  a  set  of  triplets."  This 
good  woman  got  more  than  she  bar- 
gained for. 

I  am  able  to  present  here  by  photo- 
graphs which  I  have  made,  some  in- 
teresting details  of  the  Farmer  twins, 
aged  seventy-eight,  who  were  among 
those  at  the  "twin  matinee."  Each 
had  an  unusual  configuration  in  the 
palm  of  his  left  hand,  the  remark- 
able likeness  of  which  is  scarcely  re- 
vealed by  the  photographs.  They 
grew  up  as  hard  working  boys,  hand- 
ling stones  and  rough  material,  and 
from  early  life  have  been  stone  ma- 
sons, having  followed  this  craft  for 
more  than  sixty  years — two  human 
generations — yet  these  rough  environ- 
mental procedures,  especially  applied 
to  the  palms  of  the  hands,  have  not 
prevented  an  almost  parallel  develop- 
ment of  these  physical  characters.  A 
small  mole  over  the  lid  of  the  left 
eye  in  each  twin  has  persisted  since 
birth,  indicating,  perhaps,  the  marvel- 
ous minuteness  of  chromosomal  con- 
trol in  ontogeny.  When  placed  behind 
a  screen  several  j)ersons  were  not  at 
all  sure  that  they  could  distinguish 
their  voices.  Their  children  and 
workmen  have  always  gotten  them 
confused.  At  seventy-eight,  their 
physical  energy,  as  exhibited  by  a  long 
w^alk  which  the  writer  took  with  them, 
and  their  movements  are  probably 
almost  as  nearly  identical  now  as 
when  they  were  born. 

The  Tomson  twins  were  interesting 
since  they  related  that  their  identity 
had  been  almost  complete  in  the  judg- 


ment of  some  of  England's  noted 
scientists.  However,  during  the  war 
they  went  through  great  sei)arate  ex- 
periences. They  fought  in  different 
branches  of  the  service.  Both  were 
wounded  and  one  was  gassed  and  they 
lay  in  separate  hospitals  for  many 
months.  They  related  that  both  in 
their  own  opinion  and  feelings,  and 
in  the  judgment  of  their  friends,  these 
])rofound  experiences  had  worked  a 
change  in  their  personalities  and  even 
physical  appearance,  so  that  they  are 
not  quite  so  much  alike  as  before. 
This  accords  with  the  suggestions  of 
Galton.  F.  A.  Woods  and  others,  that 
very  great  changes  in  the  environ- 
ment, especialh'  extreme  physical  ill- 
ness or  trying  experiences,  will  work  a 
change  in  the  moral  and  mental  be- 
havior. 

However,  they  are  still  so  similar 
chat  Sir  Oliver  Lodge  has  frequently 
entertained  them  for  the  observation 
of  scientific  men  and  thev  stated  had 
recently  "offered  them  '$10,000  for 
their  heads,  to  help  him  demonstrate 
telepathy." 

Since  they  would  often  make  the 
same  side  remark  simultaneously  in 
the  midst  of  other  conversation,  or 
recall  some  similar  memory,  or  express 
simultaneously  the  same  desire  and 
would  give  almost  identical  answers 
to  questions  when  in  separate  rooms. 
Sir  Oliver  laid  this  to  telepathy.  In 
this  connection,  the  Farmer  twins  re- 
lated that  on  one  occasion  one  was  in 
New  York  and  the  other  in  New  Or- 
leans. Suddenly  the  New  York  twin 
became  very  much  distraught  and 
stated  to  friends  that  his  brother  was 
in  great  danger  and  needed  him  badly. 
This  anxiety  continued  for  precisely 
four  days,  and  as  suddenly  disap- 
peared. Information  later  developed 
that  during  these  four  days  the  New 
Orleans  twin  had  been  on  a  ship  in  a 
storm  on  the  Gulf  of  Mexico,  in  hourly 
danger  of  going  down.  Page  Sir 
Oliver! 

The  mother  of  the  Fairbanks  twins 
also   stated  that  she  had  alwavs  tried 
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UNLIKE    WHEN    BABIES,    AND    HAVE    REMAINED    SO 

FuiiRK  II.  A  letter  from  one  of  those  twins  appears  nn  passes  .M'.i-^i).  Tliey  have  hved 
together  all  their  lives,  but  this  has  not  made  them  grow  any  more  alike.  In  fact  they 
report  that  they  do  not  have  even  a  family  resemblance  now. 


to  have  the  youiiii^  ladies  write  their 
school  compositions  iti  separate  rooms 
and  without  mutual  discussion.  Never- 
theless, the  teachers  constantly  accused 
them  of  copying  each  other's  material. 
On  one  occasion  they  were  to  write 
four  themes  on  given  suhiects  and 
then  each  was  to  choose  a  fifth  theme 
ior  lierseif.  Both  the  twins  and  their 
mother  related  that  they  tried  to  keep 
their  fifth  sul)ject  secret  from  the 
other  twin  and  their  mother  put  them 
in  separate  rooms  to  write.  They 
were  themselves  considerahly  aston- 
ished to  find  on  C()m])aring  their  work 
that  one  had  written  on  "A  Summer 
Shower"  and  the  other  on  ".\n  Ajiril 
Showcj"."  The  mother  very  sensibly 
laid  this  to  similarity  of  environment, 
habit  and  physical  organization,  which 


to  the  writer's  mind  explains  Sir 
Oliver's  telepathy  insofar  as  it  may  be 
proved   by   twins. 

The  two  following  letters  are  of 
great  interest  since  they  bear  ui)on 
the  hereditary-environment  problem. 
One  jiair  of  dissimilar  twins  was 
reared  together  and  the  other  pair, 
similar  twins,  was  reared  apart.  I 
leave  these  persons,  evidently  of  good 
sense  and  education,  to  tell  their  own 
experiences. 

Mrs.  I'rank  I'renschotT,  of  Peters- 
burg. Alaska,  describing  herself  and 
her  identical  twin,  who  lives  in  Sas- 
katchewan. Canada,  writes: 

\Vc  arc  girl  twins,  age  twenty-five  years, 
both  married.  I  live  in  .Alaska,  while  my 
sister  lives  in  Saskatchewan.  Canada.  Un- 
like most  twins  who  are  always  together, 
and    who    dress    and    talk    the    same,     fate 
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so    MUCH    ALIKE    THEIR    MOTHER    CONFUSES    THEM 

Figure  12.  Twins  have  their  disadvantages.  One  mother  writes  that  she  is  getting 
tired  of  rushing  to  the  other  end  of  the  town  to  help  the  .school  superintendent  decide  which 
twin  he  should  spank,  and  in  some  cases  which  one  he  has  alreadj'  spanked.  The  mother  of 
these  two  young  ladies  would  be  able  to  offer  small  assistance,  as  she  has  difficulty  in  telling 
her  own  daughters  apart. 


seems  to  have  kept  us  apart  nearly  all 
our  lives.  We  were  not  raised  together 
and  have  not  seen  very  much  of  each  other, 
hut  for  all  that  we  have  always  been  very 
fond  of  one  another  and  are  as  alike  as 
two  peas  in  a  pod.  We  look  alike,  act 
alike,  talk  alike,  and  talk  is  the  main  thing 
we  do  when  together.  We  seem  to  catch 
each  other's  ideas  perfectly  and  often  both 
start  to  say  the  same  thing  at  the  same 
time. 

My  sister  married  quite  young,  several 
years  before  I  did.  We  were  raised  under 
entirely  different  environments.  Our  mother 
and  father  separated  when  we  were  four 
years  of  age,  and  my  sister  was  raised  by 
a  friend  of  my  mother's  people,  who  has 
no  children  of  her  own.  Consequently,  she 
was  raised  as  an  only  child,  while  I  was 
one  of  a  large  family  of  children,  my 
mother   having   married    again. 

We  had  only  seen  each  other  once  before 


my  twin  sister  came  to  live  with  us  for  a 
year,  at  the  age  of  fifteen,  and  we  were 
surprised  to  see  how  much  alike  we  were, 
our  tastes  being  all  but  the  same,  in  dress 
and  manners,  so  that  even  our  mother 
would    often    mistake   us. 

Let  us  contrast  this  letter  from  the 
Prenschoff  sisters  who  were  born  ahke 
and  remained  alike  in  spite  of  all 
chans^es  of  environment,  with  the  fol- 
lowing from  Mrs.  X  and  her  twin, 
who  were  ])orn  unlike  and  remained 
unlike,  despite  all  the  efforts  of  similar 
environment  to  mold  them  into  a  com- 
mon pattern. 

As  for  our  appearance,  as  a  ciiild  I  was 
fat,  blonde  and  healthy.  My  sister  was 
thin,  blonde  and  much  weaker.  She  is  still 
tliin    and    lias    to    watch    her    health.      Since 


320 


The  Journal  of  Heredity 


adolescence,  she  has  become  a  brunette, 
with  high  color  when  well.  She  is  five 
feet  and  one  inch  in  height  and  weighs 
about  one  hundred.  I  am  plump  and  robust, 
medium  complexion,  five  feet  three  inches 
tall  and  weigh  130.  We  both  have  brown 
eyes,  hers  very  dark,  mine  inclined  to  hazel. 
Her  hair  is  massive,  heavy  and  a  bit 
coarse,  while  mine  is  shorter,  lighter  and 
extremely  fine.  We  both  have  small  hands 
and  feet,  mine  unusually  so,  enough  to 
rouse  comment   wherever   I   go. 

We  have  never  agreed  on  any  subject, 
yet  never  quarreled.  We  used  to  use  our 
fists  and  tear  each  other's  hair  when  chil- 
dren. We  were  always  inseparable  chums 
until  our  school  days  were  over.  She  has 
no  aversions  that  1  know  of,  while  I  lose 
all  control  of  myself  if  a  bee  buzzes  around, 
due  to  a  fright  in  childhood,  I  think.  We 
have  always  done  well  in  school.  I  was 
always  the  pest  and  my  sister  the  pet  of 
our  classes.  She  studied  hard  and  I  didn't, 
but  all  our  marks  were  good  and  alike 
except  for  deportment.  My  sister's  marks 
were  especially  fine  in  history,  geography, 
etc..  while  I  shone  in  botany,  physiology, 
algebra,  music  and  English.  She  used  to 
have  nightmare  over  geometry  until  her 
doctor  had  her  drop  it.  Nothing  ever 
worried   me. 

We  lived  together  until  1917.  We  were 
born  in  Pasadena  in  1894.  being  now  twenty- 
seven  years  of  age.  Our  father  was  a 
captain  in  the  army.  Our  mother  died 
when  we  were  four  and  we  were  brought 
up  by  five  great-aunts.  At  the  age  of  ten 
we  were  taken  to  Massachusetts  to  be  edu- 
cated, and  then  came  further  changes  for 
us  both.  An  aversion  was  taken  to  me  by 
our  aunts  on  account  of  my  father,  whom 
I  exactly  resembled  in  appearance  and  dis- 
position. A  violent,  unreasoning  temper 
was  aroused  in  me  by  this  attitude,  and  my 
life  while  there  was  a  stormy  one.  I  have 
learned  to  control  my  temper  since  then.  I 
am  glad  to  say.  My  sister's  deportment 
at  home  was  as  excellent  as  in  school,  but 
a  tendency  to  selfishness  and  obstinacy  be- 
came manifest. 

After  leaving  high  school  on  account  of 
my  twin's  health,  it  was  decided  that  wc 
go  to  the  Sargent  School  for  Physical  Kdu- 
cation.  It  was  a  wonderful  school  and  we 
both  loved  it.  Her  health  became  fine  and 
mine  remained  so.  While  there  I  found 
that  while  I  had  the  endurance  for  long 
hikes,  fencing  and  rowing,  she  won  out 
when  it  came  to  tennis,  swimming,  jumping 
and  muscular  strength  for  shot  putting  and 
the  like.  She  could  go  over  a  wall  like 
lightning,  while  her  plumi)er  twin  took 
minutes. 

We  haven't  even  a  family  resemblance. 
My  sister  resembles  my  mother's  side  wholly 
and  I  my  father's  side  wholly.     No  one  will 


believe  that  we  are  twins.  We  grow  more 
unlike  as  we  grow  older  and  marriage  will, 
of   course,  bring  greater  changes. 

Personally,  I  do  not  think  that 
such  "instances."  imsupported  by  ex- 
act measurements,  settle  for  us  the 
heredity-environment  problem.  al- 
thouE^h  they  do  illuminate  it.  In  this 
connection,  I  feel  that  all  biolos^ists 
and  psvcholocjists  owe  a  debt  to  Prof. 
Edward  L.  Thorndike.  of  Columbia, 
for  having-  stated  this  infinite  complex 
with  a  clarity  and  definition  that  prob- 
ably has  been  nowhere  eciualled.  If 
this  statement  were  kept  hung  up  in 
the  laboratories  of  all  students  of  the 
problem  it  would  jirobably  act  as  a 
demurrer  to  stating  that  any  particular 
trait  or  character  or  performance  is 
due,  so  many  per  cent  to  heredity 
and  so  many  per  cent  to  environment. 
Although  the  large  rough  outlines  of 
the  two  forces  can,  I  think,  be  de- 
limited bv  modern  methods  of  study. 
C^n  page  2  of  his  "Original  Nature  of 
Man."  Prof.  Thorndike  writes  (the 
italics  are  mine)  : 

Piut  in  another  sense  the  most  funda- 
mental question  for  human  education  asks 
precisely  that  we  assign  separate  shares 
in  the  causation  of  human  behavior  to 
man's  original  nature  on  the  one  hand  and 
his   environment   or   nurture   on   the   other. 

lu  this  issue  we  negelect  to  take  for 
granted  the  co-operating  action  of  one  of 
the  two  divisions  in  order  to  think  luorc 
successfully  and  conzrnicnity  of  the  action 
of  the  other.  Thus,  we  say  that  man  is 
by  his  original  nature  able  to  see,  but 
7i'hat  he  sees  depends  upon  the  environment 
he  meets ;  or  that  original  nature  makes 
him  respond  to  certain  objects  by  fears 
which  environmental  training  weakens:  or 
that  a  child  instinctively  conveys  iood  to 
his  mouth  with  the  naked  hand  but  by 
habit  comes  to  use  a  spoon  as  well ;  or  that 
native  curiosity  develops  by  proptT  trainin.ij 
into   interests   in   the   arts   and    sciences. 

The  custom  of  abstracting  out  the  orig- 
inal nature  of  man  in  independence  of  any 
and  all  influences  upon  it  is  so  j/e'tcral  ani 
so  useful  it  is  best  to  follow  it  throughout. 
rememberinti.  hoxvever,  that  from  the  first 
moments  after  the  fertilization  of  the  ovum 
a  human  individual  is  always  an  acquired 
nature — that  in  the  most  original  behavior 
discoverable,  such  as  breathing  or  suck- 
ling, some  outside  conditions  arc  involved 
;ind    that    in    the    most    exclusively    acquired 
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ACTRESS   TWINS 

FiGCRK  i:{.  The  DcMar  sisters'  voices  are  iiulistingiiisliahlc  exeept  in  singing.  For  pro- 
fessional reasons  one  has  learned  to  sing  contralto  while  the  other  retains  her  natural  soprano 
voice.  Height,  weight,  habits,  tastes,  hair  and  eye-color,  likes  and  dislikes  are  remarkably 
alike. 
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or  learned  arts,  such  as  knowledge  of  the 
square  root  of  256,  some  element  of  original 
capacity   has   a    share. 

We  have  recently  witnessed  numer- 
ous popular,  largely  rhetorical,  tirades 
against  mental  testing  on  the  ground 
that  it  did  not  measure  "heredity 
alone"  or  "intelligence  alone."  No 
psychologist  of  whom  the  writer  is 
aware  has  ever  claimed  that  he  had 
measured  heredity  or  intelligence 
"alone."  One  writer  exclaims  with 
rhetorical  flourish  that  he  "has  won  his 
case"  if  he  has  proved  that  intelligence 
tests  have  not  measured  hereditary 
intelligence  separate  from  all  environ- 
mental influences.  His  "case"  never 
existed.  It  is  admitted  in  advance. 
But  biologists  and  psychologists  have 
found  that  the  assumption  that  they 
were  measuring  either  native  endow- 
ment or  else  environmental  influences 
separately  has  enabled  them  "to  think 
more  conveniently  and  successfully" 
and  the  method  is  "so  general  and 
useful"  that  they  have  made  great  ad- 
vances towards  solutions  of  some 
phases  of  the  problem  and  illumination 
of  others.  Despite  the  warnings  of  pop- 


ular journalists  who  have  never  been 
inside  of  a  laboratory,  they  have 
thought  it  "best  to  folloiv  it  through- 
out," and  will  probably  continue  to  do 
so,  "remembering  always,"  as  all  sound 
students  of  the  problem  do,  the  quali- 
fications which  Prof.  Thorndike  cites, 
which  are  inherent  in  the  very  nature 
of  protoplasmic  movement  and  which 
in  human  beings  rise  to  the  point  of 
seemingly  purposive  behavior. 

Consequently  the  above  data  is 
merely  cited  as  being  in  harmony  and 
not  in  discord  with  the  general  trend 
of  more  exact  investigations. 

]\Iany  twins  have  written  of  other 
sets  of  twins  among  their  relatives, 
some  of  which  data  is  being  perused 
by  Dr.  Charles  B.  Davenport,  to  whom 
the  correspondence  has  been  handed. 
Two  pedigrees  are  presented  herewith, 
made  up  from  the  statements  of  in- 
formants and  are  probably  exact.  They 
throw  little  light  upon  the  method  of 
inheritance  but  emphasize  the  notion 
that  twinning  is  probably  a  hereditary 
trait  in  some  strains  of  the  human 
familv. 


Social  Conflict 

(Continued  fr 

lucid  and  disinterested  presentation 
procures  a  hearing  for  his  program  of 
adustment  by  progressive  leadership. 

The  greatest  force  in  eft'ecting  this 
ideal  social  organization  for  the  com- 
mon weal  is.  Professor  Williams  be- 
lieves, education.  Through(»ut  the  book 
are  statements  of  the  need  and  power 
of  education  to  right  a  wrong  condi- 
tion. The  press,  labor  unions,  religion, 
are  recognized  as  educational  media 
supplementing  schooling. 

Real  education  is  a  powerful  factor 
in  progress.  Education  is  recommend- 
ed to  improve  such  seemingly  divergent 
conditions  as  those  of  industry  and 
academic  life.  There  is  no  greater 
study  than  man  and  the  author's  plea 
for  a  study  of  psychology  in  its  social 
relations  is  well  founded.     The  heredi- 


and  Education 

oni  Page  296)  ' 

tarian,  however,  believes  man  in  his 
biologic  relations  a  greater  study. 
Nevertheless  the  chapters  on  public 
education  are  particularly  valuable ; 
they  should  be  of  especial  interest  to 
educators  and  students  of  envinmment. 
However  diflicult  of  achievement  any 
ideal  organization  may  be.  we  are 
bound  to  adopt  Professor  Wiliams'  at- 
titude that  knowledge  is  power.  Intel- 
lectual analysis  is  a  force  of  progress. 
I^et  us  then  have  presentations  by  such 
able  analyists  as  the  author.  Through, 
his  writings  a  teacher  of  the  world  Ik-- 
yond  the  classroom,  "he  addresses  di- 
rectly the  thoughtful  man  in  whatever 
class  he  may  be  found.  And  the  aim 
is  not  for  his  assent  but  to  challenge 
thought  and  perhaps  dissent." 

F.  L. 


MALFORMATIONS  OF  COTTON   PLANTS 

IN  HAITI 

A  New  Disease  Named  Smalling  or  Stenosis,   Causing  Abnormal 

Growth  and  Sterility 

O.  F.  Cook 

U.   S.   Department   of  Agriculture 


API'X'ULIAR  disorder  of  cotton 
plants  was  found  in  China  in 
15m),  as  described  in  the  Jour- 
nal OF  Heredity  for  March.  1920,  un- 
der the  name  club-leaf,  or  cyrtosis. 
After  growing  normally  as  seedlings  and 
into  the  stages  of  flowering  and  fruit- 
ing, there  is  an  abrupt  change  to 
an  abnormal  habit  of  growth  with  the 
branching  irregular,  the  leaves  con- 
tracted and  distorted,  and  the  floral 
buds  mostly  aborting.  The  danger  of 
introducing  such  a  disease  into  the 
United  States  was  recognized. 

A  similar  affection  of  cotton,  with 
even  greater  extremes  of  reduction  of 
the  leaves  and  other  organs,  was  seen 
recently  in  the  north-central  part  of 
Haiti.  Several  fields  were  visited  July 
27.  1923,  in  the  vicinity  of  St.  Michel, 
within  a  radius  of  about  three  miles. 
Definite  indications  of  the  disease  were 
found  in  all  of  the  fields,  but  with  wide 
differences  in  the  numbers  of  plants 
affected  as  well  as  in  the  nature  and 
extent  of  injury  of  the  diseased  indi- 
viduals. 

Though  most  of  the  cotton  was  of  the 
Meade  variety,  Lone  Star,  Durango, 
Acala  and  other  varieties  of  American 
upland  cotton  were  represented,  as  well 
as  Sea  Island  cotton  and  the  type  that 
is  considered  as  native  Haitian  cotton. 
In  some  of  the  fields  there  were  many 
hybrids  between  the  Meade  Upland  cot- 
ton and  the  Sea  Island  and  also  crosses 
of  these  types  with  the  Haitian  cotton. 
A  special  .  interest  attaches  to  the 
Haitian  cotton  on  account  of  its  appar- 
ent immunity  to  the  disease.  The  de- 
velopment     of      uniform      productive 


strains  of  this  cotton  or  of  some  other 
immune  type  is  the  obvious  way  of 
controlling  the  disease. 

Other  plantings  of  Meade  cotton  at 
Bon  Repos,  a  few  miles  from  Port-au- 
Prince,  showed  no  such  deformities. 
This  district  is  in  the  plain  of  Cul-de- 
Sac,  nearly  at  sea  level,  while  the  St. 
Michel  district  has  an  altitude  of  about 
1,200  feet  and  represents  the  interior 
plain  or  plateau  region  of  Haiti.  Un- 
like most  parts  of  Haiti,  this  interior 
plateau  region  is  but  little  inhabited. 
It  is  a  gently  rolling  grass-covered 
country,  not  unlike  the  South  Texas 
prairies.  A  large  cotton-growing  enter- 
prise was  established  at  St.  Michel  by 
American  capital  during  the  war  period. 
The  presence  of  this  disease  is  a  factor 
that  could  not  be  reckoned,  as  there  is 
no  similar  disease  in  the  American  cot- 
ton belt.  Aiso  the  dominant  grasses 
of  the  Haitian  savannas,  identified  by 
Mrs.  Agnes  Chase  as  Themcda  arguens 
and  Sporoholus  indicns,  are  much  more 
refractory  than  the  Texas  prairie 
grasses. 

Comparison  with  the  Chinese  Disease 

The  two  disorders  show  very  similar 
results  in  altering  the  behavior  of  the 
plants,  and  undoubtedly  belong  to  the 
general  group  of  so-called  "mosaic" 
diseases,  which  in  some  cases  are  * 
caused  by  leaf-hoppers.  The  affected 
plants  usually  are  more  or  less  de- 
ficient in  chlorophyll  and  show  differ- 
ent shades  of  color  with  angular  spots 
or  areas,  some  of  lighter  and  some  of 
darker  green,  fitted  together  like  a 
mosaic.      In    Haiti   this    feature   is   less 
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A  NEW  DISEASE  OF  COTTON  IN  HAITI 
FidiRF.  14  The  name  smalliuR.  or  stenosis,  is  proposed  on  acc.uint  ol  the  dwart- 
i„R  effect.'  The  disease  affects  the  RrowinR  tissues  of  the  plants  and  results  '|1  Kr^a 
distortion  and  re<lucti..n  of  the  stalks,  hranches.  leaves  and  floral  <;rRa"''-  It  ,s  l.k  the 
club-leaf  disease  of  cotton  in  China,  but  w.th  the  distortion  ^"^.^^Y^^^^TZl 
more  pronounced,  especially  in  the  Upland  type  "  cotton.  Suice  the  ^1  ;^''^7'  ^^^  ^.^T' 
sterile  the  prmlucti.-n  of  a  crop  is  restricted  to  the  normal  early  Kr..w  h  '^^^e  plants 
which  shows  no  injury  from  the  disease.  Th>.s  ph..toKraph  shows  the  *^^'«>;  "'  »«" 
diseased  plants  of  Meade  cotton,  the  left-hand  plant  w,th  only  shftht  ">JV>ry.  the  r.Rht- 
hand  plant  with  the  intern-nles  and  petioles  sh..rtened.  the  leaves  much  re<luced.  and 
short,  alxirtive.  suixmumerary   branches.      (Natural   size.) 


SEVERE    CASES   OF   SMALLING    DISEASE    OF    COTTON 

FiciKK  1").  Two  (liscastd  plants  of  Mcadc  cotton  at  St.  Michel.  Haiti,  showing 
extreme  conditions  of  abnormal  growth,  with  leaves  and  floral  buds  abruptly  reduced 
to  very  small  size.  Note  that  the  abnorn-al  growth  is  definitely  difTerent  in  the  two 
plants,  and  that  both  plants  had  produced  normal  stalks  and  leaves  in  the  earlier  stages. 
All  of  the  later  growth  is  extremely  contracted,  with  very  short  internodes  and  ex- 
cessive numbers  of  diminutive  leaves  and  floral  buds.  Abnormal  branching  is  a  feature 
of  this  disease,  notably  in  the  right-hand  plant,  with  many  small  shoots  and  minute 
rudiments  of   leaves,  similar  to  "witches'  brooms."      (  Natural   size.) 
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prominent  than  in  China,  the  marginal 
areas  being  chiefly  affected  and  those 
that  are  intermediate  between  the  prin- 
cipal veins.  The  marginal  and  inter- 
mediate areas  show  a  paler  green  at 
first,  then  become  red,  and  finally  turn 
brownish  and  die. 

Some  of  the  mosaic  diseases  have 
been  traced  to  bites  of  insects,  which  are 
supposed  to  convey  organic  infections 
or  protoplasmic  poisons  that  are  able 
to  extend  like  enzymes  through  the 
whole  system  of  the  plant,  though  the 
injuries  become  apparent  only  in  the 
new  growth  of  the  plants,  which  is  dis- 
colored and  distorted.  The  change 
from  the  normal  to  the  abnormal 
growth  appears  very  abrupt.  The  leaf 
that  subtends  a  fruiting  branch  may  be 
(juite  normal,  while  the  first  leaf  of  the 
fruiting  branch  is  definitely  affected. 
The  effects  of  the  injury  are  the  same 
in  the  different  parts  of  the  plant,  the 
same  abnormal  characters  a])pearing  at 
the  top  of  the  i)lant  and  at  the  ends  of 
all  of  the  growing  branches. 

Whether  unknown  i)arasitic  organ- 
isms are  involved  in  such  diseases,  or 
injurious  chemical  compounds  acting 
like  ferments  or  enzymes,  the  effects 
upon  the  development  of  the  plants  are 
of  much  interest  from  the  stand])()int 
of  heredity.  The  aberrant  growth  of 
the  ])lants  shows  very  clearly  that  the 
normal  course  of  development,  as  de- 
termined by  heredity  and  manifested  in 
the  normal  early  growth  of  the  plants, 
is  subject  to  serious  and  persistent  de- 
rangements through  some  cause  or 
causes  that  are  still  imknown.  The  in- 
\estigation  of  such  abnormalities  may 
throw  light  on  problems  of  heredity, 
in  addition  to  the  purpose  of  avoiding 
losses  of  crops. 

The  Upland  type  of  cotton  in  Haiti 
showed  a  more  general  distortion  and 
buckling  of  the  leaves,  with  less  ten- 
dency to  discoloration  and  rolling-under 
of  the  leaf-margins,  which  were  tiie 
sjjccial  syiuptoms  with  Upland  cotton 
in  China.  ( )n  badly  affected  ])lants  in 
1  laiti  where  the  leaves  were  dying,  they 
turned  red  along  the  margins  and  be- 
tween the  veins,  though  these  symptoms 


did  not  appear  with  such  regularity  as 
in  China.  In  severe  cases,  the  redden- 
ing goes  in  between  the  veins,  the 
tissue  dies,  and  the  margins  become 
ragged,  or  the  leaves  may  become  quite 
deeply  dissected  as  the  tissue  dies  back 
between  the  veins. 

The  behavior  of  Upland  cotton  in 
Haiti  is  more  like  that  of  the  Asiatic 
type  of  cotton  in  China,  except  that  the 
growth  of  distorted  leaves  did  not  form 
such  dense,  club-shaped  masses  as  in 
the  Chinese  cotton.  The  dense  masses 
of  foliage  in  the  Chinese  cotton  result- 
ed from  shortening  the  internodes  and 
increasing  the  number  of  branches, 
which  also  are  features  of  the  Haitian 
disease,  but  not  to  the  same  extent.  On 
the  other  hand,  the  tendency  to  reduce 
the  affected  parts  to  very  small  size  is 
carried  notably  farther  in  Haiti  than  in 
China.  There  were  not  in  China  such 
extreme  cases  of  reduction  of  leaves 
and  flower  buds  as  shown  in  Figure  1(». 

The  symptoms  of  the  disease  in 
I  laiti  did  not  seem  to  be  modified  by 
the  conditions  in  the  same  way  or  to 
the  same  extent  as  in  China.  Though 
some  i)lantings  seemed  to  be  more  seri- 
ously and  more  regularly  deformed, 
like  the  field  planted  to  Lone  Star, 
cases  of  extreme  deformity  and  dwarf- 
ing also  occurred  among  the  normal, 
uninjured  plants.  This  is  consi.<tent 
with  the  other  f;ict  of  a  wider  range  of 
diversity  in  the  nature  and  extent  of 
distortion  and  dwarfing  of  growth  in 
Haiti.  As  with  the  Chinese  disease,  the 
Sea  Island  type  of  cotton  showed  less 
dwarfing  and  distortion  than  the  Up- 
land type.  <  )ne  variety  of  Indian  cot- 
ton with  very  hairy  leaves  seenierl  to  be 
immune  to  the  Chinese  disease,  while 
the  so-called  "native"  cotton  in  Haiti 
seems  not  to  be  affected  by  the  smalling 
clisease. 

Analogy  of  Gall  Formation 

That  there  are  substances  which 
have  a  si)ecific  action  in  changing  the 
course  of  normal  develoimient  and  pro- 
ducing abnormal  growth,  is  shown  by 
the  familiar  phenomena  of  gall-forma- 
tion.     Since   the  same  plant   may   pro- 
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cluce  different  kinds  of  galls,  in  re- 
sponse to  the  injuries  of  different  in- 
sects, there  can  he  little  douht  of  the 
specific  effects  of  the  insect  secretions 
in  producing  malformations  of  the 
growing  parts  of  plants. 

The  distortions  produced  hy  the 
mosaic  diseases  may  be  thought  of  as 
relatively  slight  and  generalized  gall- 
formations,  or  as  analogous  to  the  so- 
called  "witches'  brooms."  These  analo- 
gies would  apply  whether  the  poisonous 
substances  are  supposed  to  come  di- 
rectly from  the  insects,  or  to  come 
from  bacteria  or  other  parasitic  organ- 
isms conveyed  by  the  insects  and  able 
to  live  in  the  cells  and  alter  the  habits 
of  growth,  as  in  the  case  of  the  crown- 
gall  bacteria  investigated  by  Dr.  Erwin 
F.  Smith.  But  instead  of  the  definite 
reactions  seen  in  the  formation  of  galls, 
or  in  the  abnormal  branching  that  re- 
sults in  "witches'  brooms,"  these  mosaic 
diseases  have  more  generalized  efifects 
through  unbalancing  of  heredity.  It  is 
conceivable  that  the  secretions  of  a 
parasite,  or  other  poisonous  substance, 
might  disturb  the  normal  relations  of 
development  in  the  same  way  that  the 
placing  of  plants  in  a  new  environment 
sometimes  calls  forth  a  large  amount  of 
variation.  Results  recently  reported  by 
Mavor  and  Svenson  of  experiments  with 
fruit  flies,  show  that  exposure  to  X-rays 
increased  the  number  of  cross-overs,  or 
hybrid  combinations  of  character  by  re- 
ducing the  normal  tendency  of  charac- 
ters derived  from  the  same  parent  to 
cohere  or  remain  associated  in  the  hy- 
brid progen}'.* 

Varied  Proportions  of  Diseased  Plants 

Assuming  that  the  Haitian  disease  is 
of  the  same  general  nature  as  that  of 
China,  the  varied  })roportions  of  affect- 
ed plants  in  the  different  fields  in  Haiti 
is  a  feature  of  interest  as  throwing 
light  on  the  nature  of  the  disease. 
Such  evidefice  was  not  obtainable  in 
China,  because  all  of  the  plants  were 
affected.  The  difference  may  be  ex- 
plained by  the  great  abundance  of  leaf- 


hoppers  in  the  Chinese  fields,  whereas 
leaf-hoppers  were  not  noticed  in  Haiti. 
Specimens  of  the  Chinese  leaf-hoppers 
have  been  identified  by  Mr.  W.  L. 
AfcAtee  as  species  of  fuupoasca  and 
luipteryx. 

Many  different  forms  and  degrees  of 
distortion  were  observed  among  the  in- 
dividual plants  in  China,  as  in  Haiti, 
but  in  the  central  districts  of  China 
that  were  visited  the  club-leaf  disease 
appeared  universal.  At  least  it  was  so 
generally  established  in  the  fields  by 
the  end  of  the  season,  that  all  of  the 
late  growth  was  more  or  less  abnormal. 
Contrasts  were  afforded  between  the 
normal  early  growth  and  the  distorted 
late  growth,  but  there  were  no  normal 
plants  to  compare  with  those  that  had 
suffered  injury  and  distortion,  so  that 
in  China  the  idea  of  an  external  envi- 
ronmental cause  of  the  injuries  could 
not  be  so  definitely  excluded. 

Only  one  of  the  fields  in  Haiti, 
planted  to  the  Lone  Star  variety,  had 
all  of  the  plants  affected.  The  distor- 
tion of  the  later  growth  in  most  cases 
was  great,  and  no  individual  was  found 
that  was  producing  new  normal  growth. 
The  early  growth  had  been  normal  for 
a  sufficient  period  to  allow  many  nor- 
mal bolls  to  develop,  though  not  attain- 
ing the  full  size  of  the  variety  as  it 
grows  in  Texas.  One  large  plant  was 
noted  that  apparently  had  escaped  in- 
jury much  longer  than  the  others  and 
had'  produced  larger  and  more  numer- 
ous bolls,  but  even  in  this  plant  the 
new  growth  was  distinctly  distorted. 

]\[ost  of  the  fields  at  St.  ^Michel  were 
of  the  JMeade  cotton,  in  some  places 
with  the  disease  nearly  as  bad  as  ivi 
the  Lone  Star  field,  in  other  places  with 
normal  and  abnormal  plants  mixed  in 
varied  i^roportions.  Some  of  the  fields 
were  aifected  to  only  a  slight  extent, 
with  the  distorted  plants  appearing  as 
scattered  individuals,  estimated  at  five 
per  cent  or  less  of  the  plant  population. 
Only  a  few  rods  away  the  projiortion 
of  injured  plants  might  be  much  high- 
er, showing  that  the  agents  of  infesta- 
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tion  had  been  more  numerous  or  more 
active  in  some  parts  of  the  fields  than 
in  others. 

It  seemed  very  remarkable  to  see 
badly  crippled  and  dwarfed  individuals 
with  plants  on  either  side  two  or  three 
times  as  tall,  of  normal  stature  and  leaf 
formation,  even  to  the  top  growth.  It 
was  plain  that  injury  or  infection  of  the 
crip])led  individuals  must  have  occurred 
at  a  rather  definite  stage  of  develop- 
ment, and  that  the  insects  or  oth^r 
agents  of  infection  had  been  few  in 
number  and  had  worked  in  the  fields 
for  only  a  short  time,  or  some  of  the 
plants  would  show  later  injury.  The 
injured  individuals  showed  that  the  dis- 
ease had  been  present  for  many  weeks, 
and  the  absence  of  late  infestations 
could  only  be  taken  to  mean  that  the 
agents  for  communicating  the  disease 
could  not  have  continued  their  work  in 
such  fields,  unless  it  be  assumed  that 
the  plants  are  susceptible  at  a  certain 
age  or  under  some  s])ecial.  tempnrary 
condition. 

Varied    Forms    of    Distortion 

The  Haitian  disease,  like  that  of 
China,  is  not  manifested  by  a  definite 
form  of  injury  to  the  plants,  but  results 
in  various  kinds  and  degrees  of  mal- 
formation, showing  that  the  normal 
heredity  or  course  of  develo|)ment  of 
the  plants  is  jjrofoundly  disturbed. 
Try  to  imagine  a  human  disease  that 
could  turn  all  the  children  of  a  city  or 
a  section  of  country  into  cripples,  with 
the  difTerent  ])arts  of  the  body  dis- 
torted in  various  ways,  or  sometimes 
lacking  altogether,  in  such  a  ]»opula- 
tion  the  preservation  of  normal  hered- 
ity would  be  an  acute  ])roblem.  Xot 
only  are  (|uestions  of  resistance  or  im- 
munity involved  in  the  study  of  such  a 
disease,  but  the  marked  deviations  fn)m 
normal  heredity  are  of  interest  as 
showing  how  the  "mechanism  of  lured- 
ity"  may  be  deranged. 

The  nature  and  extent  of  the  de- 
formities may  be  judged  froiu  the 
photographs  and  e.xplanations  that  are 
given  in  the  legends.  Figure  11  shows 
a  plant  that  was  only  slightly  distorte<l 


and  another  that  represents  a  rather 
frequent  type  of  more  severe  injury, 
neither  of  these  plants  producing  floral 
buds.  More  severe  cripplmg  is  shown 
in  the  two  p'ants  of  Figure  15.  one  with 
the  leaves  and  flower-J)uds  reduced  to 
very  small  size,  and  the  other  an  ex- 
treme case  of  dwarfing,  with  the  inter- 
nodes  extremely  short.  This  plant  had 
grown  only  about  four  inches  after  it 
became  affected,  the  leaves  and  flower- 
buds  being  reduced  nearly  to  micro- 
scopic size.  ]{arl:er  in  the  season  both 
of  these  plants  had  produced  leaves  of 
normal  size  and  shape,  showing  that 
they  were  not  natural  or  congenital 
dwarfs,  but  changed  suddenly  into  the 
cri])])led  state  after  a  jieriod  of  normal 
development. 

Perhai)s  the  most  characteristic  fea- 
tiu*e  of  the  disease,  as  showing  that  it 
is  different  from  the  Chinese  disorder, 
is  the  develoi)ment  by  man\'  of  the 
affected  plants  of  large  numbers  of 
small  flower-buds.  Some  of  these  may 
be  restricted  to  very  small  size  as  on 
the  plants  shown  in  l-'igure  1."),  but  not 
infre(|uently  the  (leveloi)ment  continues 
to  the  flowering  stage,  some  of  the 
l)lants  producing  large  numbers  of  un- 
der-sized flowers  from  the  dwarf  buds, 
as  in  F'igure  1(5.  In  such  cases  abor- 
tion usually  takes  place  soon  after  flow- 
ering, but  small  distorted  bolls  are  re- 
tained by  some  plants. 

As  in  the  Chinese  disorder,  some  of 
the  badly  crijjpled  ])lants  have  the 
leaves  crumpled  or  buckled  and  with 
irregularly  torn  or  eroded  margins,  and 
some  plants  have  leaves  with  irregular 
perforations  or  scars  of  i)artially  united 
tissue,  very  similar  to  the  tomosis  or 
leaf-cut  disea.se  of  yinmg  cotton  in  the 
Cnited  States,  but  apparently  continu- 
ing for  the  life  of  the  plant  in  these 
abnormal  individuals.  .Such  a  plant  is 
shown  in  I'igure  K),  with  several  of  the 
leaves  taken  separately  after  boiling, 
to  restore  the  natural  turgidity  ancl  con- 
figuration. 

The  reason  for  considering  these 
widely  different  abnormalities  as  symp- 
toms of  the  same  disease  is  that  the 
diversity    is   so   general   and   that    there 
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seems  to  be  no  break  in  tbe  series  tbat 
would  require  tbe  assumption  tbat  two 
or  more  (Hseases  are  mvolved.  Man\- 
of  tbe  abnormal  plants  pro])ably  could 
not  be  (listin<;uisbed  from  extreme 
cases  of  degenerate  "rogues"  or  per  ju- 
gate bybrids.  and  these  factors  of 
diversit}-  were  ])resent  also  in  tbe  mixed 
fields.  P)Ut  tbe  disease  injuries  were 
equally  severe  in  tbe  more  uniform  un- 
mixed stocks,  grown  from  newly  im- 
ported seed. 

It  may  not  appear  reasonable  to  sup- 
pose tbat  si»  much  diversity  arises  di- 
rectly from  one  cause,  unless  it  is  con- 
sidered tbat  tbe  diversity  is  in  tbe 
plants  ratber  tban  in  tbe  disease,  so 
that  tbe  disease  is  considered  as  a  dis- 
turbing factor  rather  than  as  a  defi- 
nitely directive  agency,  such  as  tbe  in- 
sect secretions  that  produce  galls.  This 
distinction  makes  it  possible  to  think 
of  the  disease  as  disturbing  the  growth 
of  tbe  new  tissues,  without  atTecting 
the  tissues  already  formed.  In  some 
of  tbe  mosaic  diseases  where  seed  has 
been  grown  from  affected  plants  tbe 
seedlings  proved  to  be  normal,  which 
would  indicate  tbat  tbe  germ  plasm  is 
not  affected,  but  only  the  growth  proc- 
esses. 

The   Disease   Not   Contagious  but 
Infectious 

It  was  plain  tbat  the  disease  was  not 
contagious  in  the  ordinary  sense,  but 
required  some  active  agent  of  transmis- 
sion that  bad  been  present  temporarilv, 
and  had  later  disappeared.  Later  in- 
fections must  have  occurred,  if  insect 
conveyors  of  the  disease  had  continued 
to  work  in  the  fields  after  some  of  the 
plants  became  affected.  Such  evidences 
of  spread  of  infection  were  looked  for 
in  places  where  tbe  injured  plants  were 
few.  Init  the  uninjured  i)lants  remained 
normal  to  the  top,  while  adjacent  indi- 
viduals bad  been  crippled  from  an  earlv 
stage  of  growth,  when  the  stalk  was 
only  six  to  eight  inches  high. 

That  only  a  few  plants  were  injured 
in  some  ])laces  may  be  due  to  small 
numbers  of  insects  tbat  were  present, 
or    to    the    sources    of    infection    being 


scarce  or  remote.  Tbe  occurrence  of 
such  a  disease,  and  the  extent  of  injury 
might  vary  greatly  with  the  seasons, 
depending  upon  the  abundance  of  in- 
sects or  upon  tbe  existence  of  tbe  dis- 
ease in  a  native  host-i)lant  of  the  in- 
sects. Hence  it  would  seem  desirable 
to  study  tbe  native  cotton  and  related 
plants  as  having  possible  relations  to 
the  occurrence  of  the  disease.  Since 
tbe  ])eriod  of  insect  activitv  mav  ])e 
short,  the  season  of  planting  might 
largely  determine  the  amount  of  injury. 
Earlier  jjlanting  might  secure  more 
growth  in  advance  of  the  disease,  while 
plantings  made  late  enough  might 
escape  entirely. 

Tbe  only  disease  or  disorder  of  cot- 
ton thus  far  recognized  in  tbe  United 
States  as  possibly  analogous  to  the 
Chinese  and  Haitian  diseases  is  one 
that  has  attracted  attention  for  the  last 
two  or  three  seasons  in  the  Salt  River 
Valley  of  Arizona.  The  popular  name 
"crazy-top"  is  being  applied  by  the 
fanners,  on  account  of  tbe  abnormal 
branching  and  sterility  of  the  upper 
part  of  the  plant.  The  abrupt  change 
from  the  normal  growth  and  branching 
of  the  lower  part  of  the  plant  is  a  fea- 
ture of  similarity  with  the  mosaic  dis- 
eases. 

Sterility  and  abnormal  branching 
habits  are  tbe  more  notable  features  of 
the  disease  in  tbe  Pima  or  Egvptian 
type  of  cotton,  but  in  tbe  Upland  varie- 
ties that  are  now  being  planted  in  tbe 
Salt  River  Valley  there  are  more 
pronounced  symptoms  of  reduction, 
crum])ling  and  crowding  of  the  leaves, 
which  may  represent  tbe  same  disorder. 
Tbe  branching  of  such  plants  is  dis- 
tinctly abnormal,  with  many  axillar\- 
shoots,  decurrent  stipules,  or  fascia- 
tions.  The  Horal  buds  and  bracts  also 
have  a  very  restricted  development,  so 
tbat  few  bolls  are  produced,  and  these 
usually  are  very  small. 

The  occurrence  of  tbe  "crazy-top" 
injury  is  also  very  erratic,  with  no 
apparent  relation  to  cultural  conditions. 
The  injured  plants  may  be  -sprinkled 
indiscriminately  among  normal  indi- 
viduals,  or   in   some   places   a  majority 


SMALLING   DISEASE    WITH    REDUCED    INVOLUCRES   AND    FLOWERS 

Fk^irk  16.  Tlie  (li.sti>rti<iii  is  less  extreme  than  in  Figure  ITi  and  tlie  buds  develop 
to  the  staRc  of  flowering,  but  the  leaves,  bracts  and  flowers  are  notably  reduced,  with 
the  involucres  restricted  to  small  size  and  the  petals  often  very  short,  as  in  the  lower 
flower.  The  leaves  are  narrowed  and  deeply  lobcd,  with  the  surfaces  and  margins 
uneven.  Note  the  contrast  in  leaf- forms  with  I-'igure  17,  and  als<i  with  Figures  14  and 
15,  as  showing  the  wide  range  of  diversny  in  the  abnormal  growth  induced  by  the 
smalling  disease.      (Natural   size.) 
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SMALLING  COTTON  DISEASE  WITH  CRUMPLED   LEAVES 

Fir.rRE  17.  Sterile  growth  of  a  Meade  cotton  plant,  with  short-Iobed,  crumped  leaves. 
Many  of  the  leaves  had  deeply  eroded  margins  and  irregular  perforations,  partly  healed  or 
regenerated,  as  in  the  leafcut  or  tomosis  disorder  which  is  common  in  the  United  States. 
Usually  tomosis  is  confined  to  the  seedling  stage  of  normal  plants,  but  sometimes  continues 
throughout  the  life  of  degenerate  hybrids  or  "rogues."  Such  mutilations  of  the  leaves  are 
caused  by  the  death  of  small  areas  of  the  leaf  tissue  at  very  earlv  stages.  The  oil-glands 
die  first,  in  advance  of  the  neighboring  cells.      (Natural  size.) 
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DETAILS   OF   THE    HAITIAN    COTTON 

FiGURK  li).  A  fruiting-branch  of  the  native  Haitian  or  Bourbon  cotton,  with 
floral  buds  or  "squares,"  a  flower,  a  young  boll,  and  a  mature  boll,  in  natural  size. 
The  boll  is  more  rounded  at  the  tip  than  usual,  most  of  the  bolls  having  a  distinct 
short  point.  The  petals  are  yellow  with  a  purple  spot  at  the  base,  as  in  Sea  Island 
cotton,  but  the  leaves  and  the  bracts  of  the  involucre  are  most  like  Upland  cotton. 
The  bracts  commonly  are  united  at  the  base  as  in  Egyptian  cotton.  Since  this  type 
of  cotton  apparently  is  immune  to  the  smalling  disease,  it  may  be  better  suited  to 
cultivation  in  Haiti  than  the  American  Upland  type,  so  that  the  breeding  of  uniform 
and  productive  varieties  of  Bourbon  cotton  would  be  a  means  of  avoiding  injury  froiri 
the  srnalling  disease. 
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of  the  plants  show  the  "crazy-top"  in- 
jury, with  occasional  individuals  that 
remain  normal.  Thus  the  mode  of 
occurrence  may  indicate  an  insect-borne 
disease  of  the  mosaic  class,  but  with 
the  external  symptoms  much  less  strik- 
ing than  in  the  Chinese  and  Haitian 
diseases. 

No     Indication     of    Recovery 

With  this  indication  that  the  cause 
of  the  injury  had  disappeared  from 
such  areas,  greater  significance  may  be 
ascribed  to  the  fact  that  the  injured 
incHviduals  continued  to  grow  abnor- 
mally instead  of  recovering  as  would  be 
cx])ected  if  the  disease  were  of  the 
temporary  nature  of  plant-louse  injury 
which  ceases  to  affect  the  ])lants  as 
soon  as  the  cause  is  removed.  In  Indi'i 
and  also  in  Xyasaland.  according  to 
Mr.  H.  C.  Samjjson.  there  is  a  tem- 
porary disorder  of  cotton  leaves  due  to 
attacks  of  Jassidae.  which  may  serious- 
ly cripple  the  ])!ants  during  the  rainv 
season,  but  after  the  insects  disapi)ear. 
in  the  dry  season,  the  plants  recover 
and  resume  their  normal  habits  of 
growth.  With  the  Chinese  cotton  dis- 
ease all  of  the  ])lants  were  atTected.  and 
no  indications  of  recoverv  were  noted. 
In  some  cases  the  later  growth  ap- 
peared less  distorted,  but  this  was  con- 
sidered as  a  result  of  more  moderate 
conditions  in  the  latter  ])art  of  the 
season,  tin-  amount  of  distortion  being 
determined  to  a  considerable  extent 
upon  the  conditions,  though  the  presence 
of  the  disease  is  still  ai)parent  in  jjlants 
that   grow   with    the    least    distortion. 

In  this  respect  the  Haitian  and  the 
Chinese  diseases  may  be  contrasted. 
Xot  only  is  there  a  wider  range  of 
degrees  and  forms  of  distortion  in  the 
Haitian  disease,  but  there  seems  also  to 
be  less  relation  to  the  external  condi- 
ti(»ns.  Some  of  the  extreme  cases  of 
crippling  like  that  shown  in  b'igure  Hi 
were  found  in  i)!aces  where  the  unin- 
jured i)lants  showed  that  conditions  had 
been  very  favorable  for  normal  growth. 


Immunity   of  the   Haitian   Cotton 

The  so-called  native  cotton  mav  be 
of  interest  in  two  ways  in  relation  to 
the  disease.  The  fact  that  the  disease 
apparently  does  not  injure  this  type  of 
cotton  does  not  jirove  that  the  infection 
might  not  come  from  the  immune  cot- 
ton. The  insects  that  cause  the  disease 
might  feed  on  the  native  cotton,  or 
even  make  it  their  regular  home.  This 
would  be  the  more  possible  because  the 
native  cotton  is  a  large  ])erennial  bushv 
plant,  often  growing  to  a  height  of 
eight  or  ten  feet,  with  woody  stalks 
often  two  inches  or  more  in  diameter  at 
the  base.  It  is  generally  distributed 
about  the  towns  as  well  as  in  the  rural 
districts  of  Haiti,  either  as  a  dooryard 
])!ant  or  growing  half  wild  in  neglected 
grounds  or  waste  ])]aces. 

Of  course,  it  is  possible  that  a  closer 
study  might  detect  a  slight  injury  of 
the  native  cotton,  but  most  of  the 
])lants  a])i)eared  to  be  quite  uninjured. 
.\  few  cases  of  ])lant-!ouse  distortion 
were  observed  in  the  Haitian  cotton. 
Red  s])iders  and  black-arm  were  preva- 
lent and  appeared  also  on  the  Ilaitian 
cotton,  with  occasional  plants  showing 
distinct  susceptibi'ity.  One  ])lant  af- 
forded a  rather  striking  exam])le  f)f 
the  "rust"  caused  by  red  s])ider.  with 
the  leaves  discolored  and  distorted  over 
half  the  surface  while  on  adjacent 
plants  the  red-spider  injury  was  con- 
fined to  small  ye'lowish  spots  between 
the  bases  of  the  principal  veins. 

.\  notable  tliversity  in  form,  color 
aiul  hairiness  of  the  leaves  may  be 
ascribed  to  crossing  with  Sea  Island  or 
Ci)land  tyi)es.  Several  forms  of  Sea 
Is'and  cotton  have  been  observed  in 
Haiti,  and  are  widely  scattered.  I»ut  in 
no  such  abundance  as  the  I'.nurbon 
cotton. 

.\  ])Ianting  of  the  Lewis  variety  of 
Cpland  cotton  from  North  Caroliin 
was  seen  on  La  (lonave  Island  Se])tem- 
ber  IT.,  li»K.  and  in  the  same  garden 
a  tall.  ui)right,  ])urplc  "native"  cotton. 
The  foliage  of  the  Lewis  cotton  was 
very  jjale  green,  with  the  leaves  and 
stems  distorted,  and  the  branches  verv 
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short-jiiintt'd.  The  l.af  surfaces  were 
uneven  and  huckled.  with  the  color 
varied  frdni  a  linely  mottled  ])ale  yel- 
lowish yreen  to  much  deeper  green  in 
bands  along  the  veins.  Many  of  the 
involucres  were  abortive,  consisting  of 
a  single  bract.  The  possibility  of  a 
physiological,  chlorosis  disease,  due  to 
excess  of  lime,  was  suggested  by  the 
very  jxile  color.  l)ut  the  purple  "native" 
cotton  had  normal  dark  foliage.  An- 
other form  of  mosaic  disease  may  be 
indicated,  with  less  reduction  and  dis- 
tortion, but  the  color  reactions  much 
more  ])ronoimced. 

Haitian    Cotton    Not    Related    to    Sea 
Island  Cotton 

\'isitors  from  the  United  States 
often  su])pose  that  the  Haitian  cotton 
belongs  to  the  Sea  Island  ty]:)e  because 
the  plants  grow  tall  and  the  flowers  are 
golden  yellow,  with  purple  spots  at  the 
base  of  the  petals.  Also  the  seeds  ar.? 
smaller  and  generally  less  fuzzy  than  in 
American  Ujiland  cotton.  But  those 
who  are  familiar  with  Sea  Island  cot- 
ton will  see  at  once  that  the  leaves  of 
the  Haitian  cotton  are  entirely  diiTer- 
ent,  being  relatively  broad  and  short. 
and  usually  with  three  lobes  instead  of 
the  five  lobes  of  well  developed  leaves 
of  .Sea  Island  cotton.  Also  the  lobes 
are  short  and  rather  divergent,  not 
separated  by  deep  cuts  nor  with  the 
lobes  partially  folded,  to  render  the 
upper  side  of  the  leaves  deeply  chan- 
neled. Thus  with  ri^spect  to  the  leaves 
the  Haitian  cotton  appears  much  more 
similar  to  the  Upland  type,  especiallv 
the  plants  that  are  somewhat  hairy. 
Also  the  bolls  are  of  a  light  green  color. 
more  like  those  of  Upland  "cotton. 

In  reality  the  resemblance  oj  the 
Haitian  cotton  to  our  American  tvpes 
is  entirely  superficial.  No  such  cotton 
has  been  found  in  other  parts  of  .\mer- 
ica  that  have  been  explored,  in  the 
continental  regions.  The  Haitian  cotton 
is  not  really  a  native  s])ecies.  but  prob- 
ably was  brought  from  the  East  Indies 
during  the  ])eriod  of  the   French  occu- 


])ation.  It  undoubtedly  belongs  to  the 
species  that  is  known  botanically  as 
Gossypiitm  f^iirpurascciis,  and  usually 
is  called  l)Oiu"l)on  cotton,  from  the  Is- 
land of  P>ourbon.  now  generally  known 
as  Reimion,  east  of  Madagascar  in  the 
Indian  Ocean,  whence  it  is  supposed  to 
have  been  carried  by  French  colonists 
to  different  parts  of  the  world. 

The  salient  characteristics  of  this 
type  of  cotton  are  the  tall  growth  and 
perennial  hab't,  the  jjurj^le  color  of  the 
stalks,  branches  and  j^etioles.  with 
prominent  black  oil-glands,  the  broad, 
short  leaves  mostly  with  three  short, 
divergent  lobes,  the  short  calyx,  the 
large  xellow,  ])urple-spotted  flowers, 
the  rather  small  oblong-elliptic  bolls, 
more  (jr  less  apiculate.  and  the  small, 
slightly  fuzzy  seeds. 

Though  apparently  not  cultivated  in 
any  of  the  more  important  p'^oducing 
countries,  the  Bourbon  cotton  has  been 
widely  distributed  in  the  tropical 
regions,  especially  in  the  ( Jld  \\'orld. 
It  is  grown  to  a  slight  extent  in  India 
and,  according  to  ^Ir.  Sampson,  is 
there  considered  immune  to  the  attacks 
of  the  insects  that  in  other  types  of 
cotton  cause  a  serious  distortion  of  the 
leaves,  as  already  stated.  But  die  in- 
sect injuries  in  India  apparently  are 
not  the  same  as  those  in  Haiti,  since 
the  cotton  in  India  is  said  t,  recover 
completely  in  the  dry  season  after  the 
Jassidae  disappear,  whereas  in  Haiti 
the  disease  apparently  continues  in  un- 
abated form  long  after  the  agents  of 
infection  have  ceased  their  work. 

Where  recovery  is  pos.sible,  as  in 
the  distortion  caused  l)y  plant  lice,  the 
theorv  of  permanent  infection  by  a 
l)arasitic  organism  would  seem  less  ap- 
plicable, so  that  two  classes  of  dissases 
might  be  distinguished,  as  recoverable 
or  as  permanently  infected.  Abnormal 
behavior  or  diseased  conditions  of  cot- 
ton have  been  described  from  the 
X'irgin  Islands  and  elsewhere  in  the 
West  Indies,  but  without  definite  indi- 
cations of  the  smalling  disease. 
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Little  more  than  a  year  has  elajised 
.since  the  first  edition  of  this  encyclo- 
pedic work  appeared,  and  now  a  second 
edition  is  at  hand,  enlarged  and  im- 
proved. Professor  Baur  (who  deals  with 
genetics)  and  Professor  Fischer  (who 
treats  of  anthropology)  have  made 
little  change  in  their  contributions,  but 
Professor  Lenz,  who  is  resi)()nsible  for 
the  greater  part  of  the  work,  has  added 
a  hundred  pages  of  new  material  to 
each  volume.  The  work  is,  of  course, 
open  to  many  minor  criticisms,  but  on 
the  whole  it  is  worthy  of  the  best  tra- 
ditions of  German  scholarship,  and  is 
to  be  warmly  recommended  to  all  who 
seek  a  comprehensive  ])icture  of  the 
science  of  eugenics  as  it  is  understood 
in  Germany  (where,  by  the  way,  it 
has  received  much  attention  since  tiie 
war).  Practical  measures  by  which 
eugenics  might  be  furthered  are  dis- 
cussed by  Dr.  Lenz  spccitically  under 
sixteen  heads,  an  enumeration  of  which 
will  give  a  fair  idea  of  the  trend  of 
his  thought : 


1. 

2. 
3. 


b. 


9. 

10. 

11. 

12. 
13. 

14. 

15. 

in. 


Combatting  "racial  poisons."  such 
as  alcohol. 

Combatting  venereal  diseases. 
]\Iethods   for  cutting  oft  defective 
lines    of    descent    (segregation    of 
the   feebleminded  and  others ) . 
Prevention  of  the  marriage  of  the 
unfit. 

Measures   (such  as  a   form  of  in- 
surance)   that    may    help    superior 
parents  to  have  more  children. 
Pay  and  occupation  in  their  rela- 
tion to  eugenics. 
Taxation. 
Inheritance  laws. 

Rural  colonization  ("back  to  the 
farm"),  a  measure  to  which  the 
author  attaches  much  imixntance. 
Direction  of  German  emigration, 
which  should  be  toward  Russia 
and  Siberia,  the  author  thinks. 
Social  reforms  involving  a  hai)py 
medium  between  state  socialism 
and  a  capitalistic  regime. 
Changes  in  the  educational  system. 
Research  and  ])ropaganda  in  eu- 
genics. 

Health  and  eugenic  surveys  of  the 
population. 

Direction  of  the  medical  jirofes- 
sion  toward  i)reventive  medicine. 
Protection  of  the  Nordic  race. 


.\  final  section  of  sixty  jiages  on 
"])ersonal  eugenics"  tells  the  individual 
what  he  or  she  can  do  to  live  eugeni- 
cally.  .A  glossary  and  bibliograjihy 
complete  the  work. 

P.    P. 


3.^^> 


1k< 


Journal  of  Heredity 

\'oL.  XIV,  No.  8  November.  \S)T.\ 


CONTENTS 

Mi:.\DF.LlAX  ANALYSIS  OF  THE  PURE  BREEDS  OF  LIVE- 
STOCK. I  Practical  Breeding  Methods  in  Terms  of  Modern  Genetics 
Sew.'^ll    Wright  339 

MENDEL   "COMES    BACK" 348 

HERITABLE    CHARACTERS    OF   MAIZE,    XVI— Dead    Leaf    Margins 

J.   H.   Kempton  349 

A  UNIVERSAL  CARD  SYSTEM  OF  FAMILY  PEDIGREES 

Howard    J.    Banker  353 

A  VIEW  OF  BIRTH  CONTROL   (A  Review) 358 

DEFECTIVE    SEEDS     IN     MAIZE— AN    ANCIENT     CHARACTER 

Frederick    D.    Richey  359 

COMPLETE      SEX-TRANSFORMATION      IN      THE      DOMESTIC 

FOWL F.  A.  E.  Crew  36i 

THE  RACIAL  PROSPECT    IN    SOUTH   AFRICA 363 

EARLY   CIVILIZATION    (A   REV^Ew) 364 

THE  STATUS  OF  EVOLUTION    (A  Review) 365 

THE  BONES  OF  ANCIENT  PERUVIANS    (A   Review) 367 

THE  DISEASES  OF   CHILDREN    (A   Review) 368 

ORIGIN   OF   MONGOLIAN    IDIOCY 368 

THE  TORTOISESHELL  CAT F.  A.  Haves  369 

CAUSES  OF  TWINNING   (A  Review) 370 

ADDITIONAL  MUTANT   CHARACTERS   IN    DROSOPHILA   WIL- 

LISTONI.  .Ruth  M.  Ferry,  Rebecca  Laxcefield,  Charles  W.  Metz  373 

RACIAL   ORIGIN   OF   GREGOR   MENDEL 384 


The   JOURNAL    OF    HEREDITY    is    published   monthly   by    the 

AMERICAN  GENETIC  ASSOCIATION 

At  1918-32  Harford  Avenue,  Baltimore,  Md.,  and  Washington,   D.   C. 

Address   communications  regarding   editorial   matters   and  the   business   management   of   the 
Association    to    Box    354,    Penna.    Ave.    Sta.,    Washington,    D.    C. 

Entered  as  second  class  matter  February  24,  1923,  at  the  post  office  at  Balti- 
more, Maryland.  Acceptance  for  mailing  at  the  special  rate  of  postage 
provided  for  in  Section  1103,  Act  of  October  3,  1917,  authorized  December  20, 
1918.  Contents  copyrighted  1923  by  the  American  Genetic  Association.  Re- 
production of  articles  or  parts  of  articles  permitted  only  upon  request,  for  a 
proper  purpose,  and  provided  due  credit  is  given  to  author  and  to  the 
JOURNAL   OF   HEREDITY,  Washington,  D.  C. 

Date   of   Issue   of   This    Number,    December    17,   1923. 


THE  HEN   THAT  BECAME  A  ROOSTER 

I'our  views  of  a  luii  tliat  iiii<Ur\viiit  t<iini)Iitr  scx-transfiirmatiiMi.  aii-l  one  of  licr  sons 
(No.  5),  liatchcfl  in  March.  l!>2n,  wlicn  she  was  functioning  as  a  female.  The  photo- 
graphs were  taken  at  intervals  as  the  change  in  sex  was  taking  place:  1.  On  March  17, 
1921:  2.  On  May  20  of  the  same  year:  M.  and  4.  On  Fehruary  24.  11*22.  Then,  on  July 
7,  1922,  two  chicks  were  liatched.  of  which  tliis  "hen"  was  the  sire.  (Frontispiece.) 
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MENDELIAN  ANALYSIS  OF  THE  PURE 
BREEDS  OF  LIVESTOCK 

I.  The  Measurement  of  Inbreeding  and  Relationship 
Sewall  Wright 

Bureau  of  Aiiiiual  Industry.  United  States  Department  of  Agriculture. 

Washington,  D.  C. 


THE  pure  breeds  of  livestock 
which  we  have  today  are  the  re- 
sult of  many  years  of  patient  ef- 
fort. It  seems  likely  that  they  will  fur- 
nish the  material  for  further  improve- 
ment for  many  years  to  come.  It  should 
thus  be  of  value  to  study  the  methods 
used  in  their  development  and  attempt 
to  express  in  terms  of  modern  genetics 
what  these  methods  should  have  ac- 
complished, and  what,  in  consequence, 
is  the  present  genetic  status  of  the 
breeds.  Before  dealing  directly  with 
the  work  of  certain  of  the  leading 
breeders  it  will  be  well  to  consider 
briefly  the  successive  phases  in  the 
history  of  livestock  breeding,  the 
light  which  discoveries  in  genetics 
has  thrown  on  the  earlier  breeding 
methods,  and  finally,  the  analytic 
methods  by  which  the  data  in  live- 
stock pedigrees  can  be  related  to 
Mendelian  theory. 

Successive  Phases  in  Livestock 
Breeding 

Livestock  breeders  did  not  have  to 
wait  for  the  development  of  a  science 
of  breeding  to  accomplish  a  great  deal 
in  the  improvement  of  livestock.  From 
the  first,  indeed,  there  must  have  been 
modification  of  the  wild  types  through 
the  retention  of  those  animals  which 
were  most  tractable,  and  it  was  mere- 
ly necessary  for  the  early  shepherds 
and  herdsmen  to  come  to  a  realization 
of  the  great  fact  of  heredity,  for  the 
conscious  molding  of  animal  forms  and 
function  toward  greater  usefulness  to 
man  to  commence. 


Primitive  man  naturally  made  no 
distinction  between  innate  differences 
between  animals  and  those  due  to 
differences  in  care  and  feeding,  and 
believing  that  all  were  equally  trans- 
missible, concluded  that  good  care 
and  liberal  feeding  were  short  cuts  to 
livestock  improvement.  Numerous  other 
beliefs,  partially  true  or  wholly  false, 
such  as  those  concerning  the  injurious 
effects  of  matings  between  close  rela- 
tives, the  effect  of  maternal  im- 
pressions, telegony,  and  so  forth, 
contributed  to  the  traditional  lore  of 
breeding.  The  realization  of  the  fact 
of  heredity,  aided  indirectly  by  some  of 
the  other  beliefs,  was  undoubtedly 
enough  to  lead  to  a  very  considerable 
improvement. 

Intensive  efforts  toward  the  im- 
provement of  local  types  of  cattle  and 
sheep  began  in  England  early  in  the 
eighteenth  century.  After  the  leaders 
in  this  movement  had  reached  a  cer- 
tain degree  of  success,  they  began  to 
find  difficulty  in  securing  animals  from 
other  herds  and  flocks  which  did  not 
have  a  detrimental  influence.  They 
began  cautiously  to  breed  within  their 
own  stocks.  Such  exjieriments  were 
conducted  most  boldly  by  Robert  Bake- 
well,'*  who  discovered  that  he  could 
practice  close  and  continued  inbreeding 
not  only  without  necessarily  causing 
degeneration  of  his  stock,  but  with  a 
rapid  fixation  of  the  types  for  which 
he  was  selecting.  Those  seeing  his 
Longhorn  cattle  and  Leicester  sheep 
could  not  but  see  the  difference  be- 
tween them  and  the  stock  of  his  neigh- 
l)ors.    Their  uniformity  of  type  brought 


^For  numbered  references,  see  Literature  Cited  at  end  of  article. 
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clearly    to    the    eye    their    features    of 
superiority. 

Bakewell's  example  was  followed 
with  enthusiasm  by  other  breeders  and 
closely  bred  strains  of  ths  best  local 
types  of  animals  began  to  appear  in  all 
parts  of  England.  The  Colling  broth- 
ers began  following  this  system  with 
the  shorthorned  cattle  of  the  north  of 
England.  Their  work  was  carried  on 
by  other  breeders,  notably  by  Thomas 
Booth  and  his  descendants  and  by 
Thomas  Bates,  with  whose  methods 
we  are  to  deal  in  a  succeeding  pa])er. 

While  many  of  these  early  breeders 
had  notable  success  with  close  breed- 
ing, injurious  effects  seem  to  have 
been  encountered  with  such  increasing 
frequency  in  later  years  as  to  discour- 
age the  practice.  The  superior  types 
which  had  been  developed  in  each  re- 
gion, were,  however,  maintained  and 
developed  into  the  imre  breeds  as  we 
know  them.  Herd  and  flock  books 
were  established  for  the  recording 
of  pedigrees.  Efforts  at  improve- 
ment took  the  form  of  selection 
within  these  ])ure  breeds  and  in 
the  grading  uj)  of  common  stock  l)y 
the  continued  use  of  purebred  sires. 
This  is  essentially  the  status  of  the  art 
of  livestock  breeding  today. 

During  the  last  quarter  of  a  century 
a  real  science  of  breeding  has  been  de- 
xelojiing  about  the  principles  of 
heredity  discovered  by  Mendel.  Men- 
delian  heredity  has  been  found  to  be 
the  regular  mode  of  inheritance  for 
all  sorts  of  characters  and  in  all  sorts 
of  organisms.  We  have  come  to  be- 
lieve that  it  is  the  general  law  of  hered- 
itv  under  sexual  re])roduction. 

With  accurate  knowledge  of  the 
princijiles  of  heredity,  the  hereditary 
characteristics  of  many  plants  and  of 
the  small  and  rapidly  breeding  labora- 
tory animals  can  be  controlled  with 
something  of  the  precision  of  the  chem- 
ist working  with  non-living  materials. 
Livestock  breed  relatively  slowly,  how- 
ever, and  the  large  generations  obtain- 
able from  laboratory  animals  are  not 
feasible.  Genetic  analysis  must  thus 
be  slow.     Nevertheless,  genetics  has  an 


important      contribution      to      practical  , 
breeding  in   the   insight   which   it   gives 
into    the     results    of     the    long-known  / 
mass  methods  of   breeding :  assortative 
and     disassortative     mating,     selection 
and  culling,  inbreeding  and  outcrossing. ' 
This  is  particularly  true  in  the  case  of 
inbreeding  and   outcrossing. 

The  Effects   of  Inbreeding  and 
Crossbreeding 

The  ]irincii)al  effect  of  inbreeding, 
we  find,  is  in  automatically  making 
homozygous  some  combination  of  the 
factors  which  were  heterozygous  in  the 
original  random-bred  stock.  Imme- 
diately related  to  this  is  the  increase 
in  uniformity  in  an  inbred  stock,  which 
makes  it  possible  to  recognize  genetic 
differences  which  would  otherwise  he 
overlooked.  Increased  pre]X)tency  in 
outside  crosses  is  another  direct  con- 
sequence of  increase  in  homozygosis. 
A  usual  but  not  necessary  decline  in 
vigor  ill  all  respects  is  explained  as  due 
to  a  tendency  for  recessive  factors, 
brought  to  light  by  increased  homozy- 
gosis. to  be  more  frequentlv  deleterious 
than  dominant  factors.  This  tendency 
in  turn  is  ex])lained  as  due  merely  to 
the  greater  rapidity  with  which  natural 
selection  can  eliminate  the  deleterious 
dominant  variations  that  ari.se  in  a 
random-bred  stock.  These  conclusions 
and  their  inter])retatif;ns  have  been  test- 
ed with  diver.se  kinds  of  i)lants  and 
animals,  .\mong  mammals.  Miss  King's 
cxix^riments"  at  the  Wistar  Institute 
with  inbreeding  and  selection  in  a  line 
of  rats  have  shown  clearly  that  in- 
breeding does  not  necessarily  lead  to 
deterioration.  The  experiments  of  the 
Bureau  of  .\ninial  Industry'  with 
twenty-three  different  inbred  lines  of 
guinea  i)igs  have  also  demonstrated 
that  even  twenty-five  generations  of 
brother-sister  mating  may  not  cause 
any  obvious  degeneration.  They  have, 
however,  demonstrated  that  some  de- 
cline with  inbreedijig  is  the  usual  result 
in  such  characters  as  weight,  fertility 
and  vitality.  They  have  also  brought 
out  a  conspicuous  ditTerentiation  nmoiv/ 
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different  inl)red  lines  in  characters  of 
tlic  above  kinds  in  which  it  has  been 
ahnost  impossible  to  demonstrate 
heredity  otherwise.  Another  result  has 
been  the  recovery  of  full  vit^or  on 
crossing;  different  inbred  lines,  ex- 
plained as  due  to  the  complementary 
nature  of  these  lines,  each  in  general, 
supplying-  the  particular  dominant  fac- 
tors for  vigor  which  had  been  lost  in 
the  other. 

Characteristics  differ  greatly  in  the 
extent  to  which  they  are  determined 
by  heredity.  Some,  like  most  coat 
colors,  are  almost  wholly  hereditary. 
Others,  like  fertility  and  length  of  life 
are  largely  environmental  as  far  as  the 
individual  is  concerned.  Inbreeding  is 
as  effective  in  making  homozygous 
such  heredity  as  there  is  in  the  latter 
case  as  in  the  former.  Selection,  on 
the  other  hand,  is  effective  only  in  pro- 
portion to  the  importance  of  the  hered- 
itary element.  The  number  of  inde- 
pendent factors  which  effect  the  char- 
acter also  play  a  part  in  determining 
the  eff'ectiveness  of  selection  method'^ 
With  knowledge  of  the  effects  to  be 
expected  theoretically  from  the  various 
methods  of  breeding,  in  dealing  with 
characters  determined  to  any  given  ex- 
tent by  heredity,  and  showing  any  de- 
gree of  segregation  in  the  second 
hybrid  generation  as  compared  with 
the  first  generation,  and  showing  any 
degree  of  dominance,  it  should  become 
possible  to  lay  plans  on  a  sound  basis 
for  the  best  system  of  mating  to  fol- 
low to  obtain  the  results  which  arc  de- 
sired with  any  particular  character. 

The  a])plication  of  even  these  meth- 
ods to  livestock  improvement  must 
necessarily,  however,  be  a  rather  slow 
and  expensive  process.  Meanwhile  it 
is  important  to  check  them  as  far  as 
possible  by  study  of  the  methods  ac- 
tually used  by  those  breeders  who 
have  been  recognized  as  having  been 
most  successful  and  find  out  in  terms 
of  modern  genetics  just  what  it  was 
that  thev  did. 


Importance  of  Skill  in  Judging 

'I'hat  the  breeders  who  laid  the  foun- 
dations for  the  pure  breeds  were  ex- 
ceptional among  their  contemporaries 
as  judges  of  livestock  and  thus  ex- 
ce])tionally  skillful  in  making  matings 
between  animals  which  were  really 
superior,  we  may  take  for  granted  as 
a  big  element  in  their  success.  The 
importance  which  Thomas  Bates  at- 
tributed to  his  ability  in  this  direction 
may  be  inferred  from  a  quotation  from 
a  letter,  "A  hundred  men  may  be 
found  to  make  a  Prime  Minister  to 
one  fit  to  judge  of  the  real  merits  of 
Shorthorns."  We  can  form  some 
idea  of  the  ideals  which  these  men 
strove  for  from  the  descriptions  and 
pictures  of  the  noted  animals  which 
they  bred.  Recognizing  the  importance 
of  their  ability  as  judges,  it  is  never- 
theless difficult  to  put  a  quantitative 
measure  on  what  they  accomplished  by 
selection. 

Measurement  of  Inbreeding 

We  can,  however,  discover  by  study 
of  pedigrees  how  far  they  practiced  in- 
breeding and  how  far  they  maintained 
a  general  resemblance  to  particular 
worthy  animals  by  concentrating  their 
blood.  W'e  need  to  use  measures  of 
inbreeding  and  relationship  which  shall 
make  it  possible  to  relate  the  methods 
of  these  breeders  directly  to  the  modern 
theory  of  genetics.  Such  coefficients 
have  been  described  in  a  previous 
paper.' 

The  coefficient  of  inbreeding  {F) 
defDends  primarily  on  the  number  and 
closeness  of  the  ancestral  connections 
between  the  sire  and  dam  and  second- 
arily on  the  degree  of  inbreeding  of 
the  common  ancestors  of  the  latter. 
Every  chain  of  generations  in  the 
]:)edigree  by  which  one  may  trace  back 
from  the  sire  to  a  common  ancestor 
and  then  forward  to  the  dam,  passing 
through  no  animal  more  than  once 
(within  the  given  chain),  contributes 
to  the  inbreeding  an  amount  equal  to 
one-half  used  as  a  factor  one  more 
time  than   there  are  fenerations   in  the 
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chain,  with  the  quaHfication  that  this 
must  be  muhipHed  by  a  corrective  term 
(1  +  Fa),  in  case  the  common  ancestor 
{A)    is   himself   inbred.* 

It  was  demonstrated  that  this  coeffi- 
cient measures  accurately  the  percentage 
departure  from  the  number  of  homo- 
zygous factors  in  the  random-bred 
stock  toward  complete  homozygosis. 
If  there  were  for  example,  f)0  per  cent 
homozygosis  in  the  random-bred  an- 
cestral stock,  a  coefficient  of  inbreed- 
ing of  50  per  cent  means  that  the  in- 
dividual in  question  should  be  homo- 
zygous in  80  per  cent  of  his  factors. 

The  method  of  calculation  may  be 
made  clearer  by  a  few  examples.  Let 
us  take  first  the  simple  case  in  which 
a  mating  is  made  between  half  brother 
and  sister  (Figure  la).  The  sire  and 
dam  are  connected  in  only  one  way. 
There  are  two  generations  in  the  con- 
necting chain,  S-A-D.  As  the  common 
ancestor  (A)  is  not  himself  inbred, 
the  formula  is  simply  (^)'.  The  co- 
efficient of  inbreeding  is  thus  12.5  per 
cent. 

1  f  the  sire  is  a  grandson  and  the 
dam  a  daughter  of  the  common  an- 
cestor (Figure  lb),  there  are  three 
generations  between  sire  and  dam  and 
the  coefficient  is  {YiY,  or  0.25  per 
cent. 

If  now  the  mating  is  between  full 
brotherand  sister  ( Figure  Ic)  ,the  latttcr 
are  connected  by  two  chains,  each  con- 
taining two  generations.  The  formula 
recjuires  us  to  find  the  sum  of  the  con- 
tributions of  each  chain.  We  have  then 
(J^)'  +  (3^)'  =  54  or  25  per  cent  as 
the  coefficient  of  inbreeding.  With  two 
generations  of  brother-sister  mating 
(Figure  2a).  the  reader  will  readily  .see 
that     sire     and     dam     are     connected 

♦I.cttiiiK  F^  and  V  .^  1)0  coefficients  for  tlu- 
individual  and  for  a  representative  common 
ance.'^ter  of  his  sire  and  dam,  and  lettinR 
(I  and  u  be  the  number  of  generations  be- 
tween the  sire  and  dam  respectively  and  their 
common  ancestcr,  wc  have  as  the  general 
fornuila : 


(a)  A  mating  of  half  brother  and  sister 
Fx=12.5%,   RsD=2o9f, 
R^^=47.1% 


(b)    A   mating   between   grandson   and 

daughter 

Fx=6.25%.  RsD=12.5%, 


(c)   A  mating  between  full  brother  and 
sister 
Fx=25'7f,  Rsn=509'o, 

INBREEDING  AND  RELATIONSHIP 
l-'KaRK  1.  The  chart  shows  three  cases  of 
inbreeding:  mating  of  half  brother  and  sis- 
ter, mating  between  grandson  and  daughter, 
and  mating  of  full  brother  and  sister.  The 
cocflicient  of  inbreeding  (Fj.)  of  the  result- 
ing individual  is  given,  in  each  case,  also  the 
coefficient  of  relationship  Ix'tween  his  sire 
and  dam  (R<i„).  and  between  A'  and  the 
ancestor  to  whom  the  inbreeding  is  due 
(Ry^).  A  ccK'fficient  of  relationship  of  50 
per  cent  represents  that  existing  between  or- 
rlinarv  brothers  and  sisters. 
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(a)  Two  generations  of  brother-sister  mating 

Fx=37.5%,  RsD=60%, 

(b)  Three  generations  of  brother-sister  mating 

Fx=50%,   Rsu=72.7%, 
R^,.=40.8% 


TWO    AND    THREE    GENERATIONS    OF    BROTHER-SISTER    MATING 

Figure  2.  For  explanp.tion  of  symbols  see  Figure  1.  The  effects  of  continued  close 
breeding  on  homozygosis  and  resemblance  due  to  relationship  are  analyzed  in  the  text 
with   the  help  of  these  diagrams. 


through  six  independent  chains.  S-T-D. 
S-E-D.  S-T-U-E-D,  S-T-F-E-D, 
S-E-U-T-D,  S-E-F-T-D.  The  formula 
is  thus  2(1^)'  +  4(>^)^'  =  y&  or  37.5 
per  cent. 

With  three  generations  of  brother- 
sister  mating  (Figure  2b)  we  encounter 
for  the  first  time  ancestors  of  the  sire 
and  dam  which  are  inbred.  There  are 
as  before  two  chains  of  two  genera- 
tions each  l)v  which  sire  and  dam  are 
connected  through  their  parents,  and 
in  addition,  four  chains  of  four  gen- 
erations each,  by  which  they  are 
connected    through    their   grandparents. 


Similarly  we  find  eight  chains  of  six 
generations  each  tracing  to  their  great- 
grandparents.  The  parents  of  the  sire 
and  dam  are  themselves  25  per  cent 
inbred,  having  one  generation  of  in- 
breeding 1)ack  of  them.  The  formula 
thus  becomes  2(>4'  X  1.25)  +  4(K0' 
+  8(1^)'  =  3^.  The  individual  X  is 
50  per  cent  inbred.  The  reader  will 
have  no  difficulty  in  carrying  the  re- 
sults to  further  generations  and  dis- 
covering that  the  limit  under  indefinite- 
ly continued  inbreeding  is  1,  complete 
homozygosis,  as  it  should  be  according 
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PEDIGREE   OF   FAVOURITE 

Fif.LRE  3.  Charles  CoIliiiR's  bull,  i-avoiirite  2'>2,  niii-ht  he  Cdnsickrcd  thi-  foundation  hull 
of  the  Shorthorns,  as  his  blood  became  more  widely  distributed  in  the  develo|)inji  breed  than 
that  of  any  other  bull.  Favourite  was  inbred  to  a  considerable  extent,  l'.i.2  per  cent,  which 
means  that  he  was  10.2  per  cent  less  heterozygous  than  the  random-bred  foundation  .stock. 
As  an  illustration  of  his  influence  in  the  early  history  of  the  breed  it  may  be  mentioned 
that  forty  years  after  Favourite's  death  there  was  a  closer  relation.<;hip  between  him  and 
the  cows  of  the  famous  Dutchess  strain,  bred  by  Thomas  Bates,  than  between  ordinary 
parent   and  oflfsprinKj. 

to  theory.  The  results  in  rej,nilar  sys- 
tems of  hreccUni^,  such  as  continued 
hrother-sister  inatin.i,'.  it  should  he  said, 
can  he  work-d  out  much  more  simply 
hv     special     tnethods."       The     case     is 


merely  hrought  up  iiere  to  show  the 
a|)plication  of  the  general  formula 
which  must  he  used  in  dealinjj  with 
the  irrej^ular  systems  encountered  in 
ordinary   j^edigrees. 
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The  Pedigree  of  Favourite 

As  an  example  of  such  an  irregular 
case,  let  us  take  the  jjedi^n-ee  of  the 
bull  Favourite  ( JM^ure  3 ) .  None  of  the 
ancestors  of  the  sire  and  clam  ( I^ioHnj,^- 
broke  and  Phoenix)  are  shown  as  in- 
bred, so  that  we  merely  need  to  count 
the  generations  in  each  path  connect- 
ing sire  and  dam,  add  one  and  use  as 
an  exponent  of  14  to  obtain  tiie  contri- 
bution of   each   path   to  the   coefficient. 

We  find  that  Foljambe  was  the  sire 
of  both  Bolingbroke  and  Phoenix.  The 
contribution  due  to  this  connection  is 
thus  (y.y  or  12.5  per  cent.  Foljambe 
as  Bolingbroke's  sire  is  not  connected 
with  the  dam  of  Phoenix.  This  disposes 
of  all  possible  connections  through 
Foljambe  as  the  sire's  sire.  The  sire's 
dam,  Youno-  Strawlierry.  is  connected 


twice  with  Foljambe  as  the  dam's  sire 
through  common  descent  from  the 
Studley  Bull  (626).  The  latter  is 
four  generations  back  of  I'.olingbroke 
and  seven  back  of  Phoenix  in  each  of 
two  lines  through  her  sire.  These  con- 
tributions are  thus  ( l^Y"  +  (>4)''  or 
0.05  \)er  cent,  an  almost  negligible 
quantity.  We  have  finally  to  consider 
the  connections  between  sire's  dam 
(Young  Strawberry)  and  dam's  dam 
(Favourite  Cow).  First  we  note  that 
Favourite  Cow  was  herself  the  dam 
of  Young  Strawberry.  We  have  here 
a  contribution  of  (^)'  or  6.25  per 
cent.  The  sire  of  Young  Strawberry 
is  connected  with  Favourite  Cow 
through  descent  from  Smith's  Vtu]]. 
The  contribution  is  (>^)'  or  0.39  per 
cent.  This  disposes  of  all  connections. 
The  work  mav  be  arranged  as  follows: 


Inbreeding  of  Favourite    (252) 

Common  Ancestor  Generation  from 

^^"^e                 '                       Inbreeding  Bolingbroke  Phoeni: 

Foljambe    0  1                      1 

Studley  Bull 0  4                      77 

Favourite    Cow.  . 0  2                      l' 

Smith's  Bull .  .  . 0  4                     3 

Total 


Contribution 

12.50 
0.05 
6.25 
0.39 


19.19 


The  total  ])ercentage  of  inl)reeding 
is  19.2.  It  will  be  noticed  that  this 
would  not  be  appreciably  modified  bv 
omission  of  the  remote  C(jnnections 
through  descent  from  Studley  Bull  and 
Smith's  Bull.  This  coefficient  means 
that  Favourite  departs  19.2  per  cent 
from  the  genetic  heterogeneity  of  the 
foundation  Shorthorn  stock  in  the  di- 
rection of  com])lete  genetic  homogenei- 
ty in  other  words  has  19.2  per  cent  less 
heterozygosis. 

Comparison  with  Other  Measurements 
of  Inbreeding 

As  the  coeflicient  of  inbreeding  is 
derived  from  theoretical  considerations, 
it  will  be  well  to  consider  for  a  moment 
how  it  is   related   to  the  deiiree  of   in- 


breeding in  the  jwpular  sense.  This 
is  a  somewhat  difficult  question  to  an- 
swer since  inbreeding  in  the  popular 
sense  is  a  rather  vague  term.  Pearl" 
has  defined  inbreeding  on  the  basis  of 
the  ratio  of  the  number  of  ancestors  in 
each  ancestral  generation  to  the  maxi- 
mum ])ossible  number.  The  smaller 
the  ratio  the  greater  the  inbreeding. 
This  is  a  very  different  conception 
from  the  writer's,  which  is  based  on 
the  reduction  of  genetic  heterogeneity 
]M-esent  in  the  foundation  stock  and  is 
hence  in  the  main  a  function  of  the 
ancestral  connections  between  the  par- 
ents. The  contrast  in  the  two  concep- 
tions can  be  seen  very  clearl_\'  by  com- 
])aring  the  two  pedigrees  of  Figure  4. 
The    upper    represents    a    mating    be- 
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TWO   METHODS   OF   BREEDING 

FiGLKK  4.  Two  pcdif'Tccs  in  which  the  number  of  ancestors  in  each  generation  remain;; 
the  same,  but  in  which  the  coefficient  of  inbreeding  (F)  of  the  individual  A'  equals  0,  while 
that  of  }'  approaches  100  per  cent.  This  is  in  accord  wit^  the  results  of  experiments  in 
inbreeding,  where  crossing  two  weakened  inbred  lines  results  in  the  return  of  normal  vigor. 
Methods  of  calculating  inbreeding  that  are  based  only  on  the  ratio  of  the  number  of 
ancestors  in  each  generation  to  the  greatest  possible  number  would  not  bring  out  this 
difference. 


tween  two  individuals,  each  of  which 
comes  from  a  hue  in  which  l)rother- 
sister  matinjj^s  have  I)een  made  ju^enera- 
tion  after  <,a'ne ration.  The  other  comes 
from  a  line  in  which  douhle  first  cousin 
matings  have  heen  made  for  genera- 
tions. In  each  case  there  are  two 
parents,  four  grandparents,  four  great 
grand])arcnts.  and  four  in  everv  an- 
cestral generation  to  the  point  where 
inhrceding  commenced.  They  hoth, 
therefore,  have  the  same  very  high 
coefficient  of  inhreeding  according  to 
Pearl's  formula.  According  to  the 
writer's  formula,  on  the  other  hanrl. 
they  are  nearly  as  different  as  i)ossil)le. 
The  former  has  a  coefficient  of  0,  the 
latter    of    nearlv     1.      The     former    i> 


heterozygous  in  all  respects  in  which 
the  ancestral  lines  differ;  the  latter  a|»- 
proaches  perfect  homozygosis. 

With  resi:)ect  to  Aigor.  the  e.\])eri 
ments  of  the  P)ureau  of  .\nimal  In 
dustry  with  guinea  pigs,  already  re- 
ferrefl  to,  demonstrate  that  the  cross- 
ing of  two  weakened  inhred  lines  re- 
sults in  a  recovery  of  the  vigor  that 
has  heen  lost.  Thus  generally  speak- 
ing, the  animal  A'  (Figure  4),  would 
he  a  vigorous  animal;  the  animal  )" 
would  he  weak  in  various  respects. 
The  e.xperimental  evidence  is  thus  in 
accord  with  the  coefficients  0  and  1 
while  as  far  as  the  writer  knows  there 
is  no  exiK-rimental  exiclence  to  indicate 
th;it    the    innnher    of    ancestcrs    />(■;■    sr 
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lias  anythinjj:  to  do  will)  tlu-  unifdnnitw 
vij^^or,  prepotency  or  other  character- 
istics. 

Even  if  the  measurement  of  inbreed- 
ing is  based  on  the  ancestral  connec- 
tions between  sire  and  dam,  there  re- 
main many  possible  formulae  which 
could  be  suggested. 

Perhaps  the  first  thought  would  be 
to  base  the  coefficient  on  the  percentage 
of  common  blood  in  sire  and  dam.  A 
little  consideration  will  show,  however, 
the  unreliability  of  such  a  measure. 
Full  brother  and  sister  have  100  ])er 
cent  common  blood,  but  we  know  that 
much  greater  efifects  can  be  produced 
by  continued  brother-sister  mating 
•than  appear  in  the  first  generation. 
Indeed,  there  might  be  100  per  cent 
common  blood  with  no  common  ances- 
tors of  sire  and  dam  for  an  indefinite 
number  of  generations.  Let  us  sup- 
pose that  the  sire  and  dam  trace  to  the 
same  1,024  individuals  ten  generations 
back,  but  have  no  common  ancestors  in 
later  generations.  Common  sense  and 
experiment  tell  us  that  their  progeny 
could  hardly  be  considered  to  be  inbred 
at  all.  The  coefficient  of  inbreeding 
of  their  progeny  comes  out  onlv 
1024  X  (i^)"  =  (>4)"  =  0.05  per 
cent  in  spite  of  the  100  per  cent  com- 
mon blood. 

Pearl"  has  attempted  to  separate 
from  the  amount  of  inbreeding  as 
found  by  his  formula  a  portion  due 
only  to  relationship  between  the  parents, 
this    relationship    being    based    on    the 


number  of  animals  common  to  the 
pedigrees  of  sire  and  dam  in  propor- 
tion to  the  greatest  possible  number  of 
common  ancestors.  This  comes  closer 
to  the  writer's  conception  of  inbreed- 
ing but  in  practice  gives  very  different 
results  from  that  given  by  the  coeffi- 
cient F.  For  example,  continued  mat- 
ing of  single  first  cousins  gives  results 
rapidly  approaching  100  per  cent  ac- 
cording to  this  or  any  other  of  Pearl's 
coefficients,  while  the  percentage  of 
heterozygosis  is  decreased  only  by 
about  25  per  cent  in  ten  generations 
(F  =  25.2%).  As  far  as  the  writer 
knows  there  is  no  purely  experimental 
evidence  to  determine  whether  such  a 
system  as  continued  mating  of  single 
first  cousins  really  approaches  the  ef- 
fect of  brother-sister  mating  in  a  few 
generations  or  whether  it  has  the  rela- 
tively slight  effects  indicated  by  the 
value  of  F.  The  writer,  however,  has 
sufficient  confidence  in  the  generality 
of  Mendelian  inheritance  to  believe 
that  it  is  an  advantage  to  use  a  coeffi- 
cient which  measures  directly  the  con- 
sequences logically  to  be  expected  from 
it  as  well  as  measuring  accurately  the 
results  of  experiments  in  inbreeding 
and  crossbreeding  as  far  as  these  have 
been  carried. 

Measurement    of    Relationship 

The  measurement  of  relationship*  is 
naturally  closely  related  to  measure- 
ment of  inbreeding.     In  order  to  meas- 


*Follo\viiig  is  the  formula  where  n  and  n'  are  the  generations  from  the  individuals 
X  and  V  to  a  given  common  ancestor  A,  and  F^,  F^  and  Fy  are  the  coefficients  of  inbreed- 
ing of  A,  X  and    V  respectively: 

In  the  important  case  of  sire  and  dam  of  the  individual  .V  we  have: 


I?^- 


2K 


Thus  if  the  sire  and  dam  are  related  but  not  themselves   inbred,  the   coefficient   of   rela- 
tionship is  just  twice  the  coefficient  of  inbreeding  of  their  progeny. 
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ure  the  relationship  hetween  animals 
in  such  a  way  that  direct  comparison 
can  be  made  with  Mendelian  theory, 
the  most  satisfactory  method  seems  to 
be  to  find  the  coefficient  of  correlation 
to  be  expected  with  respect  to  a  char- 
acter determined  wholly  by  heredity 
with  no  dominance.  Such  conditions 
give  the  maximum  correlation  and  any 


other  conditions  give  results  strictly 
proportional.  The  correlation  between 
parent  and  offspring  or  between  full 
brothers  should  be  0.50  in  such  cases, 
according  to  ^^lendelian  theory,  in  close 
agreement  with  niany  actual  determina- 
tions. The  correlation  to  be  expected 
when  the  relationship  is  more  complex 
can  readilv  be  calculated." 
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MENDEL  "COMES  BACK" 

Scheduled  to  Attend  World  Dairy  Congress  with  McCullum  and  Other  World 
Famous  Specialists  in  Dairy  Science 


There  is  to  be  a  world  dairy  con- 
gress in  Washington  October  2  and  3, 
adjourned  to  Philadelphia  for  October 
4,  and  to  Syracuse,  N.  Y..  October 
5  to  10.  This  congress  will  be  attended 
by  the  world's  most  famous  specialists 
in  dairy  science. 

There  will  be  delegates  here  from 
practically  every  country  of  Europe. 
South  .America  and  Australia.  Most 
of  them  will  be  men  of  national  repu- 
tation, and  many  of  international  fame. 
There  will  be  leaders  in  science,  includ- 


ing Mendel,  who  discovered  the  as- 
tounding law  of  breeding  and  cross- 
breeding, and  McLollum.  who  discov- 
ered the  most  revolutionary  element  of 
nutrition,  known  as  "vitamins."  with- 
out whose  ])resence  in  food  all  nutri- 
tion is  valueless  and  leads  only  to 
disease  and  death.  X'itamins  were  tm- 
known  prior  to  IIM".';  today  jihysicians 
and  dieticians  who  are  not  infonned  as 
to  their  essential  activities  arc  not  com- 
])etent  to  practice  medicine  (»r  ]ire])are 
f( )(id. — Washiiuitou  Star. 


HERITABLE  CHARACTERS  OF  MAIZE 

XVI — Dead  Leaf  Margins 

J.  II.  Kemptox 
U.  S.  Department  of  A(jricnltiire,   li'asliinf/ton.   I).    C. 

DEAD    leaf-niar.i!^ins    is    a    charac-  between    the    Stowell's    Everj^reen    va- 

ter    which    becomes    noticeable  riety  of  sweet  corn  and  a  dent  variety 

about    the    time    the    tassel    ap-  from      Southern      Texas      known      as 

])ears,     but     before     the     flowers     are  Brownsville.      The    hybrid    was    made 

mature.      It    affects    the   upper    six    to  at  Victoria.   Texas,   in    1912  by  J.   H. 

eight  blades  usually  embracing  a  leaf  .Kinsler    to    develop    a    worm-resistent 

or  two  below  the  ear  node.     The  dead  sweet   corn.'     Numerous   lines   of   this 

band    varies    in    width    from    two    to  original  hybrid  have  been  grown  and 

twelve    mm.,    often    wider    at    or    near  the    present    is    one    of    a    number    in- 

the  base  of  the   leaf,   depending  upon  eluded    for   the    study    of    various    ab- 

the  intensity  of  expression.     It  is  very  normal     forms.       Crosses    have     been 


conspicuous  at  flowering  time  when 
the  leaves  are  fresh  and  green,  but 
notwithstanding  this  fact  was  not 
noted  until  through  chance  a  homo- 
zygous progeny  was  grown. 


made  between  plants  showing  the 
dead  margin  character  and  ten  or  fif- 
teen other  well-known  aberrant  forms. 
From  the  behavior  of  these  crosses  it 
seems  that  in  addition  to  the  character 


The  leaves  of  most  normal  corn  dead  margins  the  progeny  is  affected 
plants  if  allowed  to  dry  usually  wither  with  some  lethal  factor  as  many  of 
first  at  the  tips,  the  whole  process  the  hybrid  seeds  fail  to  grow.  Four 
being  gradual,  though  it  follows  from  hybrids,  however,  were  grown  suc- 
the  shape  and  stmcture  of  the  leaf  cessfully  and  all  had  normal  leaves  in 
that  the  tissue  dries  more  rapidly  the  first  generation  while  in  the  see- 
along  the  margins  than  along  the  ond  generation  dead  leaf  margins  re- 
midrib.  However,  with  some  plants  appeared  in  approximately  twenty-five 
the  leaf  margins  are  the  first  to  wither  per  cent  of  the  plants,  though  with  a 
and  the  blade  gradually  dries  toward  wide    range    in    variabilitv    which    re- 


the  midrib.  The  leaves  of  the  varia- 
tion dead  margins  would  be  confused 
readily  with  this  latter  form  of  dry- 
ing, especially  if  seen  late  in  the  sea- 
son, but  the   dead   marginal   tissue  of 


duces  the  reliability  of  classification. 
The  classes  for  all  four  hybrids  were 
440  normal,  138  dead  margins,  the 
percentage  of  dead  margins  being 
23.9 1  1.2.      From    the    nature    of    the 


the    variation    is    apparent    when    the      character  the  plants  must  be  classified 


plant  is  at  its  maximum  vigor  and 
there  should  be  no  uncertainty  if  the 
plants  are  examined  at  the  time  of 
flowering. 

The  strain  now  designated  dead  leaf 
margins  was  noted  as  a  homozygous 
progeny  in  1920.     Its  ancestry  for  five 


at  or  before  flowering  time  so  that 
the  character  dead  margins  will  not 
be  confused  with  the  natural  death  of 
the  leaves. 

From  an  analysis  of  small  progenies 
dead    margins    seems    to    be    unrelated 


generations    is    known,    but    only    the  genetically  to  brachytic  culms,  ramose 

two   generations   preceding    1920   were  inflorescence,  sweet  endosperm,  sun  red 

the     result     of     self-pollination,     the  plant    color,    two    factors     for    lineate 

others     being    crosses     between     sibs.  leaves,  and  a  chlorophyll  disorder,  yel- 

The  strain  is  descended  from  a  hybrid  low  leaf  spot. 

^Breeding   Sweet   Corn   Resistant   to  the   Corn-Ear   Worm.     Collins,   G.    N.   and   J.    H. 
Kempton.     Jour.  Agri.  Research.     Vol.  XI,  No.  11,  pp.  549-572.     December   10,   1917. 
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NORMAL  AND  "DEAD   LEAF   MARGIN"  TYPES  OF    MAIZE 
Figure  5      The  plant  at  the  left  has  just   started   to  shed   pollen,   while   the   silks  have 
not  yet  appeared.     The  upper  eleven  leaves  on  this  plant  show  dead  marRins,  the  plant  having 
produced  a  total  of  twenty  leaves. 


MAIZE  LEAF  WITH  DEAD   MARGINS 

FujURE  6.  Natural  size  section  of  the  blade  of  a  maize  leaf  showing  dead  margins.  The 
leaf  margins  of  the  upper  blades  die  before  the  plant  flowers,  but  the  remainder  of  the  blade 
completes  a  normal  cycle. 


A  UNIVERSAL  CARD  SYSTEM  FOR 
FAMILY  PEDIGREES 

Howard  J.  IjAnkkr 
Eugenics  Record  Office,  Cold  Sprimj  Harbor,  N.   Y. 


PRACTICALLY  every  g^eneal()£>"i.st 
has  his  own  method  for  keeping^ 
track  of  the  ramifications  of  the 
family  network  with  which  his  studies 
are  concerned.  The  inventions  are 
numerous  and  sometimes  remarkable 
and  each  worker  is  prone  to  believe 
that  his  own  device  is  the  best,  or  at 
least  he  has  become  so  entangled  in 
his  system  that  it  is  impracticable  for 
him  to  make  any  change. 

Some  of  these  schemes  are  too  com- 
plicated or  even  bizarre  to  be  of  use 
to  anyone  but  the  inventor,  others  are 
cumbersome  and  unwieldy  for  ready 
reference,  nearly  all  possess  a  degree 
of  rigidity  that  materially  limits  their 
usefulness.  Charting  systems  on  any 
extended  scale  are  cumbersome,  permit 
little  interpolation,  and  are  limited  to 
special  lines  of  research.  While  of 
great  value  within  their  limitations 
for  depicting  final  results,  they  are 
impracticable  for  use  as  a  working 
guide  for  the  general  genealogist,  ex- 
cept in  very  restricted  fields.  Systems 
of  numbering  are  popular  and  these 
are  highly  efficient  in  certain  cases. 
They  are  often  devised  to  permit  in- 
definite expansion  and  interpolation 
as  the  work  proceeds  and  are  simple 
to  manipulate,  but  their  use  is  re- 
stricted to  special  phases  of  genealog- 
ical research.  One  system  of  number- 
ing is  used  for  tracing  ancestral  lines, 
while  a  different  system  must  be  em- 
I)loyed  for  lines  of  descent,  and  I 
know  of  no  such  system  that  will  pro- 
vide for  all  the  lines  of  collateral 
relationship. 

Believing  there  are  many  who  are 
striving  to  find  some  more  satisfac- 
tory method  of  ready  reference  that 
will  guide  them  through  all  the  laby- 


rinth of  family  relationships,  this 
\)7i\)QV  has  been  written,  trusting  that 
the  exi)erience  of  the  writer  may  be  of 
some  value  to  others.  When  we  con- 
sider the  complications  in  family  rela- 
tionships that  may  and  often  do  arise 
from  intermarriages,  it  is  evident  that 
no  system  can  be  devised  that  will  be 
so  simple  that  it  will  not  require  some 
study  in  its  application.  In  other  words, 
it  is  not  possible  to  make  such  a  sys- 
tem so  mechanicallv  perfect  that  it 
will  be  "fool-prooL"' 

After  years  of  practical  work,  the 
writer  has  developed  what  he  believes 
to  be  the  simplest  possible  system 
ap])licable  to  large  and  complicated 
family  pedigrees.  It  is  a  card  system 
capable  of  any  amount  of  interpola- 
tion or  expansion,  and  yet  permitting 
at  all  times  the  ready  tracing  of  the 
relationship  of  every  individual  to 
every  other,  if  the  connecting  links 
have  been  properly  recorded.  In  fact, 
it  is  conceivable  that  a  genealogist 
specializing  in  some  locality,  could 
build  up  such  a  system  that  would 
furnish  him  with  a  complete  synopsis 
and  ready  reference  index  to  every 
family  and  individual  in  his  field. 
Theoretically,  if  accurate  data  could  be 
obtained,  the  entire  human  race  could 
be  included  in  a  single,  though  enor- 
mous, system  of  related  cards.  Indeed, 
every  collection  of  cards  on  this  plan 
is  a  fragment  of  such  a  universal 
system,  hence  I  have  called  this  a 
"Universal  Card  System."  If  the  plan 
were  generally  adopted  and  consistent- 
ly maintained,  it  would  be  possible 
eventually  to  combine  the  card  collec- 
tions of  many  independent  workers, 
without  any  change,  into  a  single 
series.     The   only   disadvantage   being 
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ELIHU   BURRITT'S   FATHER'S   FAMILY 

Figure  8.  The  father  of  the  family  whose  card  is  shown  in  Figure  7  is  the  fifth  son, 
and  his  identity  can  be  determined,  in  case  of  other  individuals  of  the  same  name,  by  reference 
to  dates  of  birth,  death  and  marriage.  It  was  not  possible  to  trace  the  Burritt  line  any 
farther  than  this,  so  the  third  line  is  blank.  Under  the  column  headed  "Remarks"  are  entered 
various  reference  marks  useful  to  the  worker.  One  plus  sign  indicates  that  the  married 
children  had  families.  Two  marks  indicate  that  these  families  have  been  carded.  S.  P. 
shows  that  there  was  no  issue. 
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ELIHU  BURRITT'S  WIFE'S  RECORD  APPEARS  ONLY  ON   HER  FATHER'S  CARD 

F"iGURE  9.  To  avoid  duplication  the  women  are  not  listed  on  separate  cards,  but  appear 
only  on  the  cards  of  their  husbands  and  fathers — an  arrangement  that  would  not  meet  the 
approval  of  the  Womans'  Party.  Thus,  in  filling  out  the  cards  it  is  necessary  to  enter  the 
name  of  the  woman's   father  after  her  name  on  her  husband's  card. 


that  in  such  ca.se  there  niii^ht  he 
found  some  duphcation.  which,  how- 
ever, could  be  easily  corrected  l:)y  sim- 
ply discarding-  the  more  imperfect  du- 
plicates. In  this  way  the  material 
l)uilt  u]i  as  the  life  work  of  one  gene- 
alotj^ist  would  have  a  high  value  to 
any  other  person  working  mider  the 
same  system. 

How   the  System   Works 

The    system    can    hest    he    exi)lained 
by    illustrations.       Standard    5x8-inch 


cards,  like  those  used  in  manv  card 
systems,  are  ruled  as  shown  in  Figure 
T.  This  represents  a  typical  card  as 
lilled  out.  I'^ach  card  contains  the  rec- 
ord of  a  family  .group  and  its  title  is 
always  determined  by  the  male  head  of 
the  family,  whom  we  may  term  the 
l)ro])ositus.  ( )n  the  topmost  line  at 
the  left  is  printed  in  clear  letters  the 
surname  of  the  family,  in  this  case 
I'urritt.  and  this  is  understood  as  per- 
taining to  all  in  the  column  headed 
"\aiue."       It    is    especially    imi)ortaiit 
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that  this  name  be  printed  very  dis- 
tinctly. On  the  next  Hne  below  is 
entered  the  given  name  of  the  pro- 
positus or  head  of  the  family,  Elihu. 
and  to  the  right  the  dates  of  his 
birth,  death  and  marriage,  as  in- 
dicated, and  the  name  of  his  wife, 
EHzabeth  Hinsdale,  which  it  is  to  be 
observed,  is  followed  by  the  given 
name  of  her  father  in  parentheses. 
The  reason  for  this  will  appear  later. 
On  the  next  line  marked  "Pi"  (that  is, 
first  parental  generation),  is  entered 
the  given  name  of  the  father  of  the 
propositus  with  his  dates  and  consort 
as  before.  If  he  had  more  than  one 
wife,  only  the  name  of  the  mother 
of  the  propositus  should  be  entered 
here,  in  this  case  Eunice  Wakeman, 
daughter  of  Stephen  Wakeman. 

Below  the  heavy  line  beginning  at 
"Fi"  (that  is,  first  filial  generation), 
are  entered  in  succession  the  children 
of  the  propositus,  with  the  proper 
data,  if  known.  The  names  of  fe- 
male consorts  should  always  be  fol- 
lowed by  the  father's  given  name 
in  parentheses,  if  it  is  known,  but 
this  is  not  necessary  in  the  case  of 
male  consorts.  Those  who  married 
more  than  once  should  have  the  record 
of  all  consorts  given  in  succession  as 
is  shown  for  the  ninth  child,  Eunice 
Wakeman  Burritt.  who  married  first 
Jabez  Cornwell,  and  later  A.  J.  Saw- 
yer. 

The  column  headed  "Rem."  may  be 
used  for  various  reference  marks  to 
serve  the  purpose  of  the  worker.  The 
writer  has  found  it  convenient  to  in- 
dicate whether  the  married  children 
had  families,  the  plus  sign  indicating 
that  there  were  children,  the  double 
plus  that  the  family  has  been  carded. 
and  s.  p.  that  it  is  known  that  there 
was  no  issue.  The  cards  provide  six- 
teen lines  for  the  record  of  children 
and  it  i.s'  rare  that  the  space  is  not 
ample.  In  those  few  instances  where 
more  space  is  required  it  is  best  to 
carry  the  names  "over"  to  the  back 
of  the  card  rather  than  use  a  second 
card.     Usuallv   there   is   room   enough 


on  the  lower  ])art  of  the  card  to  enter 
footnotes,  if  desired,  calling  attention 
to  variations  in  data.  References  to 
sources  are  conveniently  entered  on 
the  backs  of  the  cards,  but  the  cards 
should  not  be  used  for  general  gene- 
alogical information.  Such  material 
should  be  entered  on  sheets  in  suitable 
folders. 

It  is  evident  that  such  a  card  may  be 
filled  out  for  any  man  and  his  immedi- 
ate family  and  it  is  not  necessary  to 
I-'ay  the  least  attention  to  remoter  re- 
lationships. If  a  collection  of  such 
cards  is  made  covering  a  family  or  a 
community  for  several  generations  the 
relationships  must  all  eventually  ap- 
pear. Cards  are  necessary  only  for 
males  who  had  children.  The  com- 
pilation of  the  cards  is,  therefore,  a 
very  simple  matter. 

To  see  how  the  system  works,  let 
us  suppose  that  we  wish  to  trace  the 
ancestry  of  Elihu  in  the  Burritt  line. 
His  own  card,  Figure  T,  shows  that 
his  father  was  another  Elihu.  Turn- 
ing then  to  his  father's  card.  Figure 
8,  which  can  be  distinguished  from 
others  of,  perchance,  the  same  name, 
by  the  date  of  birth,  name  of  consort, 
or  other  data,  we  find  that  there  is  no 
further  record  of  the  Burritt  ancestrv. 
The  paternal  grandparents  are  not 
known,  but  we  do  find  the  names  of 
the  father's  brothers  and  sisters  and 
their  consorts  and  other  data. 

Let  us  now  try  a  female  line.  We 
wish  to  know  the  ancestral  connec- 
tions of  the  consort  of  the  propositus. 
Figure  7  shows  that  the  consort  of 
Elihu  Burritt  was  Elizabeth  Hinsdale 
and  that  her  father  was  Elijah  Hins- 
dale :  we  therefore  turn  to  Elijah 
Hinsdale's  card.  Figure  9.  If  there 
are  several  Elijah  Hinsdales  carded, 
we  can  identify  the  correct  one  by 
observing  that  this  Elijah  Hinsdale 
had  a  daughter  Elizabeth  who  married 
Elihu  Burritt,  and  the  date  of  mar- 
riage is  confirmatory.  Figure  9 
shows  that  the  father  of  Elizabeth 
married  twice  and  that  she  was  a 
daughter  of  the  first  wife.  Ruth   Bid- 
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THE  FAMILY  OF  ELIHU  BURRITT'S  ELDEST  SON 

Figure   10.     Elihu    Burritt's   son,    Elijah    (Figure    7)    married    Ann    W.    Watson,    whose 
father  was  John  Watson.     They  had  three  children,  two  of  whom  married  and  had  families. 


— Ak--^^ — ju^. 
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FAMILY  OF  ONE  OF  ELIHU  BURRITT'S  DAUGHTERS 

Figure  11.  Eunice  Wakeman  Burritt's  name  docs  not  appear  on  a  separate  card,  but  by 
reference  to  her  father's  card  (Figure  7)  it  is  seen  that  she  married  twice.  By  her  first 
husband,  Jabez  Cornwell,  she  had  no  children.  Reference  to  the  card  of  A.  J.  Sawyer  shows 
that  she  had  three  children  by  her  second  marriage.  The  complications  caused  by  carding 
only  the  male  heads  of  families  are  greatest  in  the  case  of  widows  who  marry  a  second 
time,  but  this  is  much  less  than  would  be  caused  by  having  separate  cards  for  both  male  and 
female  heads  of  families. 


well,  (lau_<2^hter  of  James  Ridwell.  that 
her  jiaternal  <:^rancl|)arcnts  were  John 
Hinsdale  and  Elizabeth  Cole,  daus^hter 
of  Nathaniel  Cole,  also  that  she  had 
two  full  sisters,  Roxana  and  Ruth, 
and  two  half-sisters,  Sarah  and  Ruth. 
If  we  wish  to  trace  her  paternal  an- 
cestry further  we  then  turn  to  the 
card  of  John  Hinsdale  which  will  give 
us  the  names  of  his  parents,  and  so  on 
to  the  end  of  the  series.  We  may  lay 
these  cards  in  a  row  and  read  off  the 
Hinsdale  ancestral  line  as  far  as  it 
goes.  \{  the  Cole  ancestry  is  of  in- 
terest, turn  to  the  card  of  Nathaniel 
Cole  and  in  the  same  manner  follow 
the  Cole  line.  Elizabeth  Hinsflale's 
mother's  family  will  be  ff)und  on 
the  James  Ridwell  card.     In  this  wav 


we  may  trace  any  ancestral  line  that 
we  will,  passing  with  ecjual  ease  to 
male  or  female  lines.  The  children 
en  each  card  furnish  the  connection 
to  all  collateral  lines. 

For  tracing  descendants  or  collat- 
eral relationships  we  start  with  the 
lists  of  children  on  any  card.  Thus 
in  Figure  T  we  note  that  the  eldest 
son  of  Elihu  and  Elizabeth  (Hinsdale) 
Rurritt  married  Ann  W.  Watson, 
daughter  of  John  Watson,  they  had 
issue  and  the  family  is  carded.  Turn- 
ing then  to  the  card  of  Elijah  Hins- 
dale F)Urritt.  h'igure  10,  we  find  the 
record  of  his  children  so  far  as  known. 
This  card  shows  also  that  his  son, 
George  Hinsdale  Rurritt.  married  and 
had    issue    and    the    family    has    been 
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carded.  The  latter's  card  will  then 
show  the  next  generation  and  so   on. 

In  the  case  of  a  daughter,  since  the 
system  is  only  for  male  Hnes,  we  turn 
to  the  card  for  her  consort.  Thus  in 
the  case  of  the  daughter,  Eunice 
W'akeman  Burritt,  we  leani  from  Fig- 
ure 7  that  she  married  twice,  that  she 
had  no  issue  by  her  first  marriage, 
but  had  children  by  the  second  mar- 
riage, and  this  family  has  been  carded. 
To  find  her  family  we  do  not  turn  to 
a  card  for  Eunice  Wakeman  Burritt, 
for  there  is  none,  but  we  turn  to  the 
card  for  her  consort,  A.  J.  Sawyer, 
Figure  11,  where  we  find  the  known 
data  of  this  family.  Observe  that  the 
fact  that  Eunice  was  a  widow  does 
not  appear  on  this  card,  only  her 
maiden  name  and  the  name  of  her 
father  is  entered.  The  double  mar- 
riage in  her  case  is  found  when  we' 
look  up  her  record  on  her  father's 
card.  It  thus  follows  that  where  a 
woman  has  two  or  more  families  by 
different  husbands,  each  family  ap- 
pears on  a  separate  card  under  the 
name  of  the  husband.  The  facts, 
however,  are  readily  determined  on 
turning  to  her  father's  card.  The 
several  families  of  a  man  all  appear 
on  one  card.  This  necessarily  comes 
from  carding  only  male  heads  of  fam- 
ilies and  though  it  seems  to  involve 
an  inconvenience  in  the  case  of  the 
remarriage  of  widows,  this. is  not  very 
serious.  On  the  other  hand,  to  at- 
tempt to  card  both  males  and  females 
as  heads  of  families,  involves  many 
complications  and  would  necessitate 
a  large  amount  of  duplication. 

It  appears  evident,  from  the  above 
account,  that  so  far  as  the  records 
are  entered  upon  these  cards  it  is  a 
simple  matter  to  trace  a  person's 
relationships  in  all  lines  of  ascendants 
or  descendants  or  in  the  endless  ram- 
ifications of  collateral  lines  through 
every  degree  of  consanguinity  and 
even  passing  out  into  the  diffuse  and 
endless  realm  of  connection  by  re- 
peated  affinity. 


Arranging  the  Cards 

In  practical  use  the  worker  may 
find  it  possible  to  reduce  the  labor 
of  filling  out  the  cards  by  omitting 
much  of  the  data  provided  for,  but 
care  should  be  taken  not  to  omit  any 
datum  which  may  be  needed  to  iden- 
tify different  individuals  of  the  same 
name,  and  all  names  should  be  given, 
if  possible,  as  these  form  the  connect- 
ing links  with  other  cards  in  the 
system.  The  writer  has  found  that  it 
pays  to  record  all  the  data  that  can  be 
obtained,  even  though  it  takes  some 
patience  to  do   it. 

As  is  readily  seen,  each  card  is  an 
independent  unit  representing  a  fam- 
ily group  and  its  location  in  the  col- 
lection has  nothing  to  do  with  its 
connection  to  other  family  groups. 
For  general  purposes  it  is  most  con- 
venient to  keep  the  cards  in  a  simple 
alphabetical  order.  It  is,  however, 
possible  to  arrange  and  rearrange 
the  cards  repeatedly  in  any  combina- 
tion that  may  especially  suit  the  pur- 
poses or  whims  of  the  worker.  This 
need  involve  no  other  labor  than  that 
of  sorting  the  cards  and  the  use  of 
such  guide  tags  as  the  special  arrange- 
ment devised  by  the  worker  may  re- 
(|uire.  In  studying  ancestry  the  cards 
may  be  arranged  in  the  order  of  the 
ancestral  line  under  consideration. 
For  determining  degrees  of  collateral 
relationship,  the  cards  may  be  ar- 
ranged in  two  series  with  reference 
to  any  common  ancestor  and  then  by 
simply  counting  the  cards  the  degree 
of  relationship  is  at  once  determined. 
Other  combinations  may  be  worked 
out  according  to  the  purposes  of  the 
investigator.  If  one  wishes  to  keep 
track  of  localities  for  the  purpose  of 
local  history  studies,  the  locality  where 
the  family  chiefly  lived  may  be  entered 
on  the  top  line  in  the  column  of 
"Remarks."  Such  cards  may  then  be 
easily  detected  and  temporarily 
groujied  by  localities  when  so  desired. 

The  great  advantages  of  the  system 
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are  its  flexibility,  its  expansibility,  the 
ease  of  interpolation,  the  simplicity 
of  the  record,  and  the  constant  main- 
tainance  of  the  connection  of  every 
card    with    every    other    related    card 


in  the  entire  system.  To  keep  it  up 
requires  attention  and  a  large  amount 
of  clerical  labor,  but  no  more  than 
any  other  system  which  may  be  of  less 
efficiency. 


A  View  of  Birth  Control 


Birth  Control,  bv  John  M.  Cooper. 
Ph.  D.,  Associate  Professor  of 
Sociology,  Ca<^holic  University  of 
America.  Pp.  90.  Published  by  tlie 
National  Catholic  Welfare  Council. 
Washington.  D.  C.     1923. 

The  abundant  controversial  literature 
on  birth  control  contains  few  contribu- 
tions of  more  weisfht  than  this  state- 
ment of  the  official  Roman  Catholic 
position,  and  the  reasons  that  are  held 
to  justify  this  position.  The  Church's 
attitude,  briefly,  is  that  birth  control  is 
permissible  in  pro])er  cases,  but  onlv 
through  the  practice  of  continence,  the 
use  of  all  artificial  contraceptives  being 
condemned.  The  grounds  underlying 
this  position  are  set  forth  by  Dr. 
Cooper  in  a  remarkably  persuasive  wav. 
and  the  chief  contentions  of  the  birth- 
control  propagandists  arc  then  assailed 
one  bv  one  and  badly  damaged.  Dr. 
Cooper's  task  is.  of  course,  facilitated 
by  the  fact  that  nearly  all  the  birth 
control  proj)aganda  is  composed  mainly 
of  fallacies  and  puerilities,  and  is  based 
on  emotion  rather  than  on  reason. 

This  is  not  to  say  that  the  reviewer 
accepts  all  of  Dr.  Cooj)er's  premises, 
or  all  of  his  conclusions;  or  that  other 
readers  are  likely  to  do  so.  unless  they 
be  Roman  Catholics.  P>ut  it  must  be 
frankly  recognized  that  the  author  has 
met  the  birth  control  propagandists  on 
their  own  ground  and  to  a  large  extent 
beaten  them.  It  is  to  be  hojied  that 
his  attack  will  call  forth  rci)lies  that 
are  of  as  high  an  order,  in   respect  to 


logic  and  scholarshi]).  The  pseudo- 
scientific  rhapsodies  that  have  com- 
posed a  large  percentage  of  the  "birth 
control  literature"  have  been  a  glaring 
example  of  how  a  biological  problem 
should  not  be  debated. 

The  weak  point  of  Dr.  Cooper's 
position  (and  one  which  he  does  not 
at  all  attempt  to  evade)  is  the  fact 
that  he  is  arguing  against  a  fait  accom- 
pli: birth  control  is  already  here,  and 
here  to  stay.  Neither  the  authority  of 
the  Church,  nor  any  other  power,  is 
likely  to  stop  it.  So  far.  no  unpreju- 
diced person  doubts  that  it  has  done 
yreat  harm  to  the  race,  cugenically ; 
l)ecause  it  has  been  ])racticed  more  by 
the  eugenicallv  superior  than  by  the 
eugenically  inferior.  There  are  two 
possible  remedies  for  this  serious  situa- 
tion :  one.  which  the  birth  control  pro- 
l^agandists  have  espoused,  is  to  get  the 
])ractice  more  widely  spread  among  the 
inferior.  This,  for  a  variety  of  rea- 
sons, is  a  difficult  if  not  hopeless  task. 
The  other  is  the  constructive  eugenic 
policy  of  getting  such  social  and  eco- 
nomic changes  in  effect  as  will  prevent 
the  superior  from  limiting  the  number 
of  their  births  excessively.  This.  too. 
is  difficult,  but  not  hojieless. 

Most  biologists  are  convinced  that 
the  j)ractice  of  birth  control  is  desir- 
able, within  ])roper  limits.  But  the 
question  is  still  a  very  live  one.  No  in- 
terested i^erson  can  afford  to  overlook 
Dr.  Coojjcr's  concise  and  thought-pro- 
voking pamphlet. — P.  P. 


DEFECTI\'E  SEEDS   IN  MAIZE--AN 
ANCIENT  CHARACTER 

Frederick  D.  Richey 

Coral  fiircsfigatioiis.  Bureau  of  Plant  luditsfry,  U.  S.  Department  of  Agriculture 


*^  f  r  f 


DEFECTIVE    GRAINS    AT    LEAST    THREE    CENTURIES    OLD 

Figure  12.  This  ear  of  maize  was  unearthed  in  an  Indian  graveyard  in  Peru,  unused 
since  the  time  of  the  Spanish  Conquest.  The  ear  is.  therefore,  at  least  three  hundred  years 
old,  and  may  be  centuries  older.  One  of  the  defective  grains  is  shown  in  each  view.  Defects 
of  the  endosperm  exactly  similar  in  external  appearance  are  found  today  in  self-pollinated 
strains  of  maize,  and  it  is  interesting  to  speculate  whether  any  of  these  modern  abnormalities 
are  genetically  the  same  as  this   ancient  defect. 


THE  ear  of  maize  illustrated  in 
Figure  12  was  obtained  from  an 
Indian  grave  at  Rontov,  Peru,  on 
March  24,  1923.  by  Mr.  D.  'S.  Bullock 
of  the  Bureau  of  Agricultural  Eco- 
nomics, who  presented  it  to  the  Office  of 


Cereal   Investigations.  Bureau  of   Plant 
Industry,  on  April  11).  1923. 

The  Indians  were  placed  on  reser- 
vations some  distance  from  Rontoy  at 
the  time  of  the  Si)anish  Conquest,  and 
the  burving-ground  in  which   Mr.  Bul- 
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lock  obtained  this  ear  has  not  been  used 
since  that  time.  The  ear,  therefore,  is 
at  least  300  years  old  and,  of  course, 
may  be  much  older.  It  is  not  unlike 
ears  of  maize  that  have  been  received 
from  time  to  time  from  various  parts 
of  South  America,  and  is  of  some  in- 
terest in  this  connection. 

Defective  seeds  as  a  heritable  char- 
acter of  maize  were  reported  first  by 
Jones.^  More  recently  Lindstrom"  and 
Mangelsdorf"  have  reported  on  other 
specific  types  of  defective  seeds,  and 
many  additional  types  are  known.  In 
fact,  among'  the  most  common  and  ap- 
parent effects  of  self -pollinating  maize 
for  the  first  time  are  ears  showing 
segregation  for  some  type  of  defective 
seeds. 

In  view  of  these  facts  it  seems  of 
special  interest  that  the  Rontoy  ear 
contains  several  defective  seeds,  one 
of  which  is  shown  in  each  of  the  illus- 
trations. These  seeds  apparently  are 
of  the  type  that  has  been  called  "com- 
pressed" when  it  has  occurred  in  the 
author's  strains,  although  a  disinclina- 
tion to  dissect  the  Rontoy  ear  has  pre- 
vented a  very  close  examination.  On 
segregating     ears     these     "compressed 


seeds"  observed  by  the  author,  are  evi- 
dent only  by  their  smaller  size.  Their 
classification  is  difficult  because  of  in- 
tergrades  due  either  to  normal  differ- 
ences in  kernel  size,  the  complimentary 
action  of  genetic  factors,  or  both  of 
these  causes.  A  study  of  the  mode 
of  their  inheritance  has  not  been  at- 
tempted by  the  author  beyond  obtain- 
ing definite  evidence  that  they  are  in- 
herited. 

Is  the  gene  that  was  responsible  for 
the  defective  seeds  in  the  Rontoy  ear 
the  same  as  one  of  the  many  known 
to  exist  at  present  ?  Has  it  persisted 
individually  in  the  germ-plasm  through- 
out the  countless  generations  since  the 
Rontoy  strain  and  our  modern  sorts 
were  one?  Or  has  it  been  eliminated 
by  natural  selection  only  to  recur  from 
time  to  time  as  a  mutation?  These 
and  other  questions  are  interesting 
bases  for  s[jeculation.  but,  unfortunate- 
ly lead  nowhere.  The  fact  remains, 
however,  that  maize  grown  by  the  In- 
dians of  Peru  300  or  more  years  ago 
carried  defective  seeds  entirely  similar 
phenotypically  to  some  of  those  found 
today  whenever  maize  is  self  pollinated. 
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The  Changing  Environment 

A  poll  of  sixth-grade  pupils  in  St.  looked  iipim  a  i)ig.  Of  every  iiundred 
Louis  revcak'cl  that  of  0,370  children  children.  1"^  had  never  seen  a  cow.  It 
questioned  40  ])er  cent  had  never  seen  has  been  suggested  that  a  cow  and  a 
a    sheep,    and    IT    per    cent    had    never      pig  i)e  placed  in  the  municipal  zoo. 

Dearborn  ludcpcudcut. 


COMPLETE  SEX-TRANSFORMATION  IN 
THE  DOMESTIC  FOWL 

F.  A.  E.  Crew 
Animal  Breeding  Research  Department,  lidinburgli  University,  Scotland 


IN  FEBRUARY,  1921,  a  Buff 
Orpington  was  brought  to  thi; 
Department.  During  the  preced- 
ing January  its  owner  had  decided  that 
there  was  far  too  much  crowing  for  a 
city  pen,  and  she  had  had  the  male 
bird  killed.  Shortly  after  this  it  was 
noticed  that  a  great  deal  of  crowing 
was  still  coming  either  from  the  pen 
or  from  somewhere  nearby,  and  at 
length  it  was  found  that  one  of  the 
hens  was  responsible  for  the  noise. 
This  bird  was  three  and  one-half  years 
old,  pure-bred,  and  had  ceased  to  lay 
in  the  late  summer  of  1920.  She  had 
raised  several  broods  of  her  own  chick- 
ens. On  her  arrival  here  she  exhibited 
the  classical  signs  of  early  ovarian  dis- 
ease, the  head-furnishings  were  larger 
than  those  of  a  typical  hen  of  her 
breed,  the  left  spur  was  three  milli- 
meters, the  right  one  two  millimeters 
in  length.  The  plumage  was  entirely 
henny.  She  crowed  persistently,  but  as 
one  practising,  and  her  sexual  behavior 
was  completely  indifferent. 

In  April,  1921,  the  vascular  tissue  of 
the  head  had  become  markedly  tur- 
gescent  so  that  the  eye  appeared  to  be 
deepset  amid  flaming  red  congested 
flesh;  and  the  comb,  wattles  and 
spurs  had  progressively  increased  in 
size.  The  bird  had  begun  to  moult 
irregularly,  and  was  suffering  from  an 
intractible  diarrhoea,  losing  weight  and 
seeking  solitude.  By  October  she  had 
become  completely  cocky- feathered, 
though  she  could  never  retain  her  tail 
sickles.  The  spurs  were  now  one  centi- 
meter in  length  and  the  legs  had  as- 
sumed the  red  tinge  which  character- 
izes the  male  of  her  breed.  She  was 
carefully  nursed  through  the  winter 
and  by  February,  1922,  she  had  over- 
come   the    more    urgentlv    dangerous 


symptoms,  was  crowing  lustily  with  a 
challenging  note,  and  was  readily  at- 
tracted by  hens,  which,  would  squat  at 
her  approach,  the  sexual  act  being  per- 
formed. "He"  fought  with  every  male 
in  the  yard  and  was  gently  courteous 
to  hens.  In  fact,  only  by  one  with  an 
intimate  knowledge  of  poultry,  or  by 
placing  it  alongside  a  "real"  male, 
could  it  be  told  that  this  bird  was  dif- 
ferent from  a  typical  male.  Its  stance 
was  different  from  that  of  a  cock,  for 
the  bird  was  shorter  on  its  legs  and 
these  were  set  at  a  different  angle  with 
the  body. 

On  February  third,  the  bird  was 
penned  with  a  virginal  Buff  Orpington 
far  removed  from  all  other  birds.  This 
hen  was  laying,  and  the  eggs  which  she 
had  laid  during  the  previous  fortnight 
were  incubated  and  found  to  be  unfer- 
tilized. Her  mate  performed  the 
sexual  act  regularly  and  fluid  passed 
into  the  cloaca  of  the  hen  was 
withdrawn  and  examined.  On  April 
23rd  a  few  living  spermatozoa  were 
identified.  On  June  sixteenth  the  hen 
became  broody  and  was  set  upon  nine 
of  her  own  eggs  laid  during  the  pre- 
vious eighteen  days.  On  July  seventh 
two  chickens  were  hatched ;  the  other 
eggs  were  clear.  By  this  time  the  father 
of  these  chickens  had  again  become 
seriously  ill  and  a  large  tumor  could  be 
felt  cephaled  to  and  discreet  from  the 
gizzard.  The  bird  began  to  lose 
weight  rapidly  and  suffered  from  seri- 
ous diarrhoea.  On  December  twenty- 
ninth  "he"  fell  into  an  opened  drain 
and  was  drowned.  At  the  time  of  its 
death  its  comb  measured  four  centi- 
meters at  its  highest  point,  the  right 
spur  was  four  centimeters,  the  left  five 
centimeters  long,  the  scanty  plumage 
was  entirely  cocky. 
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On  dissection  the  liver  was  seen  to 
be  of  great  size,  weighing  340  grammes, 
and  studded  with  rounded  areas  of 
what  proved  to  be  caseating  tuber- 
culous material.  The  intestinal  tract 
was  also  the  seat  of  tubercular  lesions. 
Lying  in  the  situation  of  the  ovary  was 
a  rounded  mass,  seven  by  four  centi- 
meters in  size,  with  its  purple  surface 
mapped  with  raised  yellow  areas.  This 
mass  weighed  52.5  grammes,  and  in- 
corporated in  its  dorsal  aspect  there 
was  a  body  exactly  resembling  a  testis 
whilst  a  similar  body  was  situated  in 
the  equivalent  position  on  the  other 
side  of  the  body.  These  testis-like 
bodies  measured  three  and  a  half  by 
two  centimeters,  and  had  even  outlines 
and  surfaces.  The  adrenals  were  larger 
and  more  {prominent  than  is  usual  and 
there  was  nothing  noteworthy  about 
the  thyroid  or  i)ituitary.  On  the  left 
a  thin  straight  oviduct  could  be  traced, 
its  diameter  at  its  caudal  widest  part 
was  three  millimeters,  and  paired  vasa 
deferentia  were  clearly  discernable. 

On  sectioning,  the  tumor  mass 
proved  to  be  an  ovary  jiractically  com- 
pletely destroyed  by  tuberculosis ;  the 
tcstes-like  bodies  were  seen  to  be  testes 
in  a  ])hase  of  reduced  activity.  The 
seminiferous  tubules  were  precisely 
similar  to  those  of  the  testis  of  a  nor- 
mal cock,  consisting  of  a  well-defined 
basement  membrane  lined  by  seminal 
e])ithelium  showing  every  stage  of 
s])ermatogenesis.  They  differed  from 
a  very  active  testis  in  that  they  were 
smaller  in  size  and  showed  fewer 
mitotic  figures ;  ripe  spermatozoa  were 
])resent,  but  not  in  large  numbers.  The 
intertubular  tissue,  as  in  the  case  of  a 
normal  cock,  was  present  in  small 
amount    and    consisted    of    connective 


tissue  only;  no  luteal  cells  were  to  be 
found.  Only  one  Wolffian  body  was 
sectioned,  it  resembled  an  epididymis 
rather  than  a  parovarium. 

The  bird  described  had  been,  up  to 
the  age  of  three  and  a  half  years,  an 
unremarkable  hen  ;  she  had  laid  many 
eggs  and  had  raised  many  of  her  (nvn 
offspring.  Her  history  was  intimately 
known,  for  her  owner  kept  but  few 
birds.  In  the  autumn  of  1920  she  be- 
gan to  suffer  from  disease  of  the 
ovary ;  the  ovarian  tissue  as  progres- 
sively destroyed,  and  the  effects  of  this 
pathological  castration  were  seen.  But 
the  conditions  which  were  created  were 
those  favorable  for  the  differentiation 
and  growth  of  spermatic  tissue.  New 
sex-cords  developed  from  the  germinal 
epithelium  and  spermatic  tissue  was 
differentiated  both  in  the  left  gonad 
and  also  in  the  atrophic  right.  The 
bird  became  anatomically  equipped  to 
function  as  a  male,  for  with  the  de- 
velopment of  the  testes  the  Wolffian 
ducts  were  stimuluated  to  form  func- 
tional vasa  deferentia  and  the  cloacal 
apparatus  of  the  male  was  develojK'd. 
Synchronously  with  the  replacement  of 
ovarian  by  spermatic  tissue  the  oviduct 
imderwent  atrophy.  The  bird  func- 
tioned as  a  male  and  actually  became 
the  father  of  chickens.  Under  these 
circumstances,  in  which  a  "determined" 
female  becomes  a  "somatic"  male  as  a 
result  of  a  definite  change  in  its  meta- 
bolism, it  would  be  expected  that  the 
proportion  of  the  sexes  among  its  off- 
si)ring  would  be  one  male  to  two 
females.  Of  the  two  chickens  one  is 
a  male,  the  other  a  female ;  they  have 
been  mated,  and  their  f)ffspring  arc 
tyi)ical  Ikiff  Orpington  chickens. 


THE  RACIAL  PROSPECT  IN  SOUTH 

AFRICA' 


TllK  future  of  the  various  races 
of  South  African  natives  can 
be  foretold  with  much  i)rol)a- 
biHtv.  The  Bushmen  and  Koranas  are 
rapidly  passing  away  as  distinct  races, 
the  remaining  individuals  being  steadily 
absorbed  by  the  other  races,  mainly  by 
the  mixed  Hottentots,  and  in  one  hun- 
dred years  it  will  be  difBcult  to  find  a 
pure  Bushman  or  Korana.  The  Hot- 
tentots will  survive  longer  as  a  distinct 
race.  In  Namaqualand,  where  there 
will  never  be  any  very  extensive  white 
settlement,  they  may  survive  in  a  state 
of  relative  purity  for  some  hundreds 
of  years,  and  so  also  in  Southwest 
Africa,  but  in  other  parts  of  South 
Africa  they  are  bound  to  become  ab- 
sorbed into  the  mixed  Cape  Race  or 
the  Bantus. 

But  the  future  of  the  Bantus  is  very 
different  and  provides  those  of  us  who 
dwell  in  South  Africa  with  our  most 
alarming  political  problem.  Almost  all 
colored  races  of  man  go  down  before 
the  onslaught  of  the  white  man's 
diseases  and  alcoholic  drinks.  The 
South  Sea  Islander,  the  Australian,  the 
Bushman  are  all  passing  away,  but  the 
Bantus  thrive,  and  today  are  multiply- 
ing twice  as  fast  as  the  whites.  Every 
Kafir  wishes  to  have  a  family  and 
generally  marries  young.  Polygamy 
has  been  recognized  from  time  im- 
memorial and  even  Christian  missions 
have  to  comj^ound  with  it.  Since  de- 
vastating native  wars  have  ceased 
under  the  Pax  Britannica,  the  sexes 
have  become  more  equalized,  and  poly- 
gamy is  now  the  exception,  but  it  is 
still  largely  practiced  in  the  native  ter- 
ritories. Every  woman  becomes  the 
mother  of  children  and  many  have 
large  families.  At  present  the  Kafirs 
or  Bantus  outnumber  the  whites  by 
about  five  to  one.  and  everv  vear  the 


proportion  of  black  to  white  is  becom- 
ing larger.  Before  very  many  years 
it  must  be  ten  to  one,  and  before  the 
l)resent  century  draws  to  a  close  it 
seems  very  certain  that  the  Kafir  will 
rule  the  whole  of  South  Africa,  and 
white  civilization  be  replaced  by  black. 
There  will  be  no  need  for  the  Kafirs 
to  rise  in  rebellion  in  order  to  gain 
commanding  power ;  they  have  only  to 
breed  and  to  study.  The  Kafir  chiefs 
are  often  men  of  great  intellect,  and 
they  are  certainly  better  statesmen  than 
many  of  the  whites.  They  look  far 
into  the  future.  In  the  first  half  of 
the  nineteenth  century  there  was  a 
continuous  succession  of  Kafir  wars, 
and  the  blacks  showed  that  they  must 
be  classed  as  formidable  warriors.  But 
since  the  Zulu  War  in  18T9  there  has 
been  no  serious  native  war.  There 
has.  however,  lieen  far  more  serious 
native  peace.  When  there  was  a  little 
rising  in  Zululand  about  a  dozen  years 
ago  and  hundreds  of  Zulus  were  shot 
down  by  machine  guns,  the  Zulu  moth- 
ers quietly  said,  "We  can  breed  sons 
quicker  than  you  can  shoot  them 
down." 

In  olden  times  the  Hottentots  were 
the  more  or  less  docile  slaves  of  the 
Dutch  and  French  immigrants.  They 
were  intellectually  and  physically  too 
inferior  to  the  whites  ever  to  be  any 
source  of  direct  danger.  But  unfor- 
tunately the  very  inferiority  of  the 
Hottentots  has  given  rise  to  the  idea 
in  the  minds  of  many  of  the  white 
colonists  that  all  colored  races  are  in- 
ferior, and  that  there  is  really  no  dan- 
ger from  the  Kafirs,  and  as  a  result 
the  Kafirs  have  been  encouraged  to 
come  into  Cai:)e  Colony,  most  of  which 
was  really  originally  the  country  of 
the   Hottentots   and   the    Bushmen. 

Already  the  Kafir  has  disj^laccd   the 


^  Reprinted   from  Natural  History,  May-June,   1923. 
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Hottentot  as  the  laborer  in  most  of  the 
towns,  on  the  railways,  and  on  most 
of  the  farms  of  the  middle  of  Cape 
Colony.  He  is  also  displacing  the 
poorer  class  of  whites  and  the  less  in- 
tellectual. In  most  countries  the  un- 
skilled labor  is  performed  by  this  class 
of  whites,  but  here  in  South  Africa 
the  Kafirs  can  do  it  more  cheaply  than 
the  whites,  and  can  do  it  just  as  satis- 
factorily. Hence  there  is  nothing  for 
the  poor  white  man  to  do.  Already 
we  have  in  South  Africa  tens  of 
thousands  of  a  class  that  has  no  coun- 
terpart in  any  other  country  in  the 
world — the  "poor  whites" — not  well 
enough  equipped  through  intellect  and 
education  for  the  performance  of 
skilled  labor  and  with  no  unskilled 
labor  for  them  to  do.  Every  year  sees 
the  problem  getting  worse.  The  gov- 
ernment tries  to  help  by  creating  labor 
colonies,  land  settlements,  and  through 
other  schemes,  but  for  every  thousand 
relieved,  two  thousand  more  seem  to 
arise. 


This  class  of  "poor  whites"  with  no 
stead}'  work  to  do,  and  too  often  on 
the  border  of  starvation,  is  a  constant 
source  of  danger,  being  a  ready  tool 
in  the  hands  of  unscrupulous  politi- 
cians. In  191-i  there  was  quite  a 
serious  rebellion  and  this  year  again 
there  was  an  attempted  revolution  in 
the  Transvaal.  Both  these  uprisings 
have  been  put  down  by  the  govern- 
ment, but  the  disease  continues.  Until 
recently  the  Kafir  competed  only  in 
unskilled  labor ;  now  he  is  entering  the 
fields  of  skilled  labor,  and  very  stead- 
ily but  surely  displacing  more  and 
more  whites. 

Many  years  ago  Balfour  said  that 
South  Africa  had  a  terrible  problem 
in  the  native  question,  and  he  added. 
"I  do  not  envy  the  man  who  has  to 
tackle  it."  Whether  for  good  or  for 
ill  to  the  world  the  Bantu  and  Negro 
tribes  are  going  to  ]ilay  a  big  part 
in  the  future.  It  is  well  we  should 
study  them. 

Robert  Broom. 


Early  Civilization 


MAX  is  one,  civilizations  are 
many.  The  superiority  of  our 
civilization  over  all  previous 
ones  is  not  indisputable.  Civilization, 
like  mankind,  does  not  proceed  un- 
erringly in  evolutionary  progress  with- 
out some  weaknesses  and  degeneracies. 
It  would  seem  that  we  need  clearer 
notions  of  man  and  civilization,  a  con- 
cept of  civilization  which  will  embrace 
a  great  variety  of  separate  yet  similar 
phenomena,  thus  making  apparent  the 
homogeneity  of  all  civilizations  with 
reference  to  their  ])rincipal  constituent. 
Familiarity  with  early  man  and  early 
civilization  will  help  clarify  our  ideas, 
for  "the  early  world  presents  an  ideal 
field  for  the  study  of  the  achievements 
of  man,  for  the  extension  of  our  un- 
derstanding of  cultural  i)roblems  and 
our  appreciation  of  the  great  range  of 
civilization." 

In     this     mood      Dr.      Golden  weiscr 


would  have  us  approach  his  volume, 
Early  Civilization  .  The  book  is  an  ex- 
cellent analysis  and  compendium  of  the 
rudiments  of  anthro])ology.  The  style 
is  that  of  the  methodical  lecturer.  Each 
essay  is  a  unit  in  itself  but  is  not  with- 
out constant  reference  and  relation  to 
the  other  members  of  the  series. 

The  book  is  divided  into  three  main 
parts,  the  simplest  of  which  is  the  first, 
consisting  of  descriptions  of  five  prim- 
itive test  tribes,  and  the  author's  re- 
flections on  the  ])lien()mena  outlined  in 
the  first  five  chapters.  The  second 
part  is  a  comparative  study  of  the 
various  comi)onent  factors  of  civiliza- 
tion and  their  relations,  and  another 
chapter  of  reflections.  The  third  part 
ascends  to  psychic  theory.  Erudite 
ciiti(|ues  of  theories  of  early  mentality 
characterize  this  ])ortion  of  the  book, 
and  the  summary  chapter  concludes 
the  work. 


'  Piiblislud   In    .Mfml    .\.    Knopf.      Xcw   V<irk.      I'.i22.      Price   $.1. .".(). 
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rhi"()iii;h(tut  Dr.  Goldenweiser  is  very 
zealous  in  his  effects  to  correct  erron- 
eous but  prevalent  ideas,  such  as  those 
reti^anhng  the  sense  equipment  of  the 
primitive,  his  capacity  for  sustained 
labor,  liis  resistance  to  pain.  The 
autlK)r's  arguments  for  belief  in  the 
importance  of  diffusion,  the  indei)en- 
dent  origin  of  geometric  and  realistic 
patterns  in  primitive  art,  are  tenable 
as  well  as  his  disbelief  in  the  compara- 
bility of  children's  art  and  primitive 
art. 

The  author  is  not  without  the  fault 
of  traveling  the  by-paths  instead  of  the 
highway  to  reach  his  destination.  Dr. 
Goldenweiser's  attack  on  the  doctrine 
of  "inheritance  by  magic"  is  justified, 
but  his  acquaintance  with  breeders, 
that  is,  scientific  breeders,  needs  to  be 
cultivated.  Citing  examples  of  latter- 
day    supernaturalism    he    states,    "We 


hear  of  children  born  during  the 
French  Revolution  with  the  revolution- 
ary emblem  on  their  chests  ;  or  again, 
a  mother,  frightened  by  a  frog,  gives 
birth  to  a  child  with  a  birthmark  re- 
sembling a  frog.  .  .  No  more  than 
Jacob  could  resist  the  temptation  of 
interpreting  by  a  mechanism  such  as 
the  above  the  peculiar  and  varied  color- 
ation of  his  sheep,  can  the  modern 
fencier  (fancier?)  overcome  the  sug- 
gestive influence  of  the  many  instances 
in  his  experience  where  an  interpreta- 
tion through  ])re-natal  influence  may 
be  made,  and  he  makes  it  forthwith." 
On  the  whole,  however,  the  book 
does  not  abound  in  infelicities  of  mat- 
ter or  expression.  It  fulfils  its  func- 
tion as  an  introduction  to  anthropology. 
As  such  it  is  worth  reading  and  reada- 
ble, a  book  for  both  initiate  and  novice. 

F.   L. 


The  Status  of  Evolution 


Allegemeine  Abstammungslehre, 
by  Dr.  Berxhard  Duerken,  Pro- 
fessor at  the  University  of  Breslau. 
Pp.  205.  With  38  text  figures. 
$1.00.  Berlin,  Verlag  von  Gebrueder 
Borntraeger,   1923. 

Professor  Duerken's  book  is  written 
for  the  much-exploited  "general  read- 
er," and  attempts  to  give  a  picture  of 
the  real  status  of  the  theory  of  evolu- 
tion. He  discusses  the  evidence  in 
favor  of  evolution,  taking  up  the 
conventional  kinds — paleontology,  em- 
bryology, comparative  anatomy,  etc. — 
and  reaches  the  safe  conclusion  that 
there  can  be  no  real  question  as  to  the 
fact  of  evolution. 

He  then  goes  on  to  discuss  current 
hypotheses  regarding  the  method  in 
which  evolution  has  taken  place.     He 


groups  these  under  the  two  heads 
of  Darwinism  and  Lamarckism.  and 
after  an  acute  destructive  criticism, 
on  the  ground  of  both  logic  and  fact, 
concludes  that  neither  of  them  is 
tenable.  As  to  explanation  of  the 
mechanism  of  evolution,  he  remains 
what  might  be  called  an  agnostic. 

Every  critical  reader  will  find 
abundant  matter  for  controversy  in 
such  a  presentation.  Nevertheless,  the 
simply  and  clearly  written  book,  with 
its  insistence  on  clear  thinking,  might 
be  read  with  profit  by  every  student. 
It  ought  to  serve  an  important  pur- 
pose in  the  era  which  the  author  sees 
immediately  ahead,  when  new  develop- 
ments in  biology  will  finally  bring  the 
indisputable  causes  of  evolution  to 
light.  P.  P. 


THE  FAVORITE  OPERATION  AMONG  THE  ANCIENT  PERUVIANS 

Figure  13.  Naturally  it  is  not  possible  to  determine  by  an  examination  of  skeletal 
remains  whether  the  Incas  indulged  in  the  luxury  of  having  their  tonsils  and  appendices 
removed.  Of  all  the  surgical  operations  of  which  time  has  left  us  any  record  trephining  the 
skull  was  by  far  the  most  popular  in  ancient  Peru.  The  owner  of  this  skull  appears  to 
have  been  the  holder  of  the  long-distance  record  for  having  holes  cut  in  his  skull.  Not  the 
least  remarkable  part  of  this  operation  was  that  the  patient  survived,  at  least  long  enough 
for  the  bone  to  show  evidences  of  healing.  (  Photograph  by  courtesy  of  the  National 
Geographic    Society. ) 
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RAW     MAlhRiAL    rUK     inn.    AiM  rikuPOLoGicai 

FiGiRK  14.  Some  I'l  the  Ixmes  and  mummies  discovered  by  the  Vale  University- 
National  (ieographic  Society  Kxpedition  in  lOl."..  as  they  were  removed  from  the  burial  caves. 
(Pliotograph   by   courtesy  of   the    National   (ieographic   Society.) 


BONES  OF  THE  ANCIENT  PERUVIANS 

A  Review 


THE  July-September  number  of 
the  American  Journal  of  Pliysi- 
cal  Anthropology  is  devoted  to 
a  treatise  on  "Human  Skeletal  Re- 
mains from  the  Highlands  of  Peru," 
by  George  Grant  McCurdy.  The  ma- 
terial was  secured  in  1914  and  1915 
by  the  Peruvian  Expedition  of  Yale 
University  and  the  National  Geo- 
graphic Society,  conducted  by  Pro- 
fessor Hiram  Bingham,  and  was  most- 
ly from  caves  in  the  upper  Urubamba 
Vallev,  the  principal  seat  of  the  Inca 
civilization. 

The  ancient  burials  were  largely  in 
caves  where  the  mummies  were  placed 
in  a  sitting  posture  wound  with  braid- 
ed grass  rope  and  supported  by  "seat- 
rings"  of  withes,  tv/isted  together  and 
looselv  wrapped  with  cords  or  strips 
of  bark. 

Of  341  crania  examined,  147  showed 
the  so-called  "Aymara  type"  of  de- 
formation, "produced  by  circular  con- 
striction and  compensatory  elonga- 
tion." Skulls  of  both  sexes  were  de- 
formed and  a  larger  projxirtion  of  fe- 
male skulls,  sixty  per  cent,  than  of 
male,  forty-three  per  cent.  In  cases 
of  very  pronounced  deformation  the 
foramen  magnum  may  be  reduced  in 
size  and  the  spinal  cord  constricted. 
Also  the  cranial  capacity  was  found  to 
be  somewhat  less  in  such  skulls.  Hence 
the  conclusion  is  drawn  that  "excessive 
Aymara  deformation  has  an  inhibitory 
effect  on  the  growth  of  the  brain."  It 
is  easy  to  understand  that  the  growth 
of  the  skull  may  be  restricted  by  the 
tight-fitting  woolen  caps  that  the  na- 
tives of  the  Peruvian  highlands  put  on 
their  babies'  heads — and  apparently 
leave  on  indefinitely. 

By  far  the  longest  cha])ter  is  de- 
voted to  surgery,  and  relates  mostly 
to  the  trephining  of  the  skull,  an  oper- 
ation    which     evidently     was     popular 


among  the  ancient  Peruvians.  Forty- 
seven  trephined  skulls  were  found  in 
a  series  of  273  adults  and  in  several 
cases  more  than  one  operation  was  per- 
formed, one  of  the  skulls  having  five 
apertures.  Of  the  forty-seven  tre- 
])hined  skulls  twenty-nine  were  recog- 
nized as  males,  sixteen  as  females  and 
two  as  youths.  Twenty-six  cases  were 
successful,  and  partial  healing  occurred 
in  eleven  other  cases.  The  operations 
were  chiefly  on  the  left  side  of  the 
head,  which  with  other  facts  is  taken 
to  mean  that  the  principal  object  was 
to  relieve  depressed  fractures  produced 
bv  star-shaped  stone  club-heads,  which 
seem  to  have  been  the  favorite  weapon 
of  the  time. 

That  so  many  female  skulls  were 
trephined  makes  it  seem  questionable 
that  the  injuries  were  received  in  war- 
fare. Did  the  women  fight  in  war 
with  the  men,  or  was  clubbing  a  neigh- 
borhood pastime? 

Other  injuries  and  abnormalities  of 
the  skull  and  other  bones  are  also  de- 
scribed in  detail,  including  especially 
the  teeth,  which  were  often  imperfect 
or  diseased.  There  were  no  cases  of 
supernumerary  teeth,  but  milk  teeth 
were  often  retained  and  caused  irregu- 
larities in  the  permanent  teeth.  Pyor- 
rhea, alveolar  absesses.  and  other  dental 
diseases  were  recognized  in  many 
cases.  "In  12  jaws  out  of  422,  the 
teeth  had  all  disappeared  ])rior  to  the 
decease  of  the  individual." 

No  comparisons  are  made  in  relative 
frequency  of  the  abnormalities  or 
diseased  conditions  in  other  parts  of 
the  world.  Though  the  colonizing 
policy  of  the  Incas  may  be  supposed  to 
have  resulted  in  a  great  deal  of  mixing 
of  tribal  stocks  in  some  of  the  outlying 
regions,  there  i:)robably  was  a  general 
condition  of  inbreeding  and  congestion 
with  resulting  pressure  upon  the  means 
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of  subsistence.  This  is  indicated  by 
the  very  speciahzed  systems  of  agri- 
culture that  were  developed,  as  well 
as  by  the  precautions  that  the  Incas 
are  reported  to  have  taken  against 
famines,    which    are    confirmed    bv    the 


discovery  of  many  ancient  storehouses. 
With  the  ancient  precautions  neglected, 
many  districts  that  were  terraced  with 
stone- work,  and  no  doubt  were  culti- 
vated very  intensely  in  ancient  times, 
have  been  abandoned. 


The  Diseases  of  Children 


Saeuglingskrankheiten,  by  Dr. 
Walter  Birk,  Vorstand  d.  Univ.- 
Kinderklinik  zu  Tuebingen.  5.  und  6. 
umgearbeitete  Auflage,  10-17  Tau- 
send.  Pp.  282,  with  26  illustrations. 
Price  $1.40.  Bonn,  1922,  A.  ^larcus 
&  E.  W^ebers  Verlag. 

Dr.  Birk  presents  a  clear,  compre- 
hensive and  well-organized  discussion 
of  the  diseases  of  infancy  in  this  vol- 
ume, which  fomis  part  I  of  his  "Leit- 
faden  der  Kinderheilkunde,"  a  second 
volume  being  given  over  to  "Kinder- 
krankheiten."  He  fully  recognizes 
the  imj)ortance  of  heredity  in  the 
varied  problems  which  the  pediatrist 
meets,  although  he  does  not  go  into 
this  side  of  the  case  as  fully  as  some 
might  desire.  Speaking  of  twins,  he 
remarks     that     they    have     the     most 


divergent  constitutions,  in  spite  of  the 
identity  of  their  surroundings.  As  to 
rickets,  he  declares  that  eighty  per  cent 
of  the  children  in  Germany  are  effected 
at  one  time  or  another,  and  that  in- 
born predisjjosition  j)lays  an  important 
part.  The  current  theory  that  rickets 
is  due  to  lack  of  vita^nines  he  dis- 
misses as  not  in  accord  with  the  clin- 
ical facts.  He  notes  that  the  negroes 
in  Africa  are  free  from  this  disease, 
while  it  is  extremely  prevalent  among 
the  negroes  of  North  America.  The 
im])ortance  of  rickets  in  forming  the 
shape  of  the  female  pelvis  is  often  not 
recognized  until  the  girl  becomes  a 
mother.  Tt  is  in  this  way  of  first-rate 
importance  to  eugenics.  Dr.  Birk 
closes  with  a  brief  review  of  the  infant 
welfare  movement.  P.   P. 


Origin  of  Mongolian  Idiocy 


Mongolian  idiocy  is  a  typical  form 
of  amentia,  taking  its  name  from  the 
fact  that  the  children  born  with  this 
condition  often  have  a  facial  expressiin 
resembling  that  of  the  Mongolian  race. 
Its  cause  is  obscure,  but  has  been  set 
down  bv  various  writers  as  "uterine 
exhaustif)n."  since  the  last  child  in 
large  families  seems  to  be  more  often 
affected  than  others.  Statistics  on  the 
subject  have  been  fragmentary,  how- 
ever. Available  data  have  been  re- 
worked by  Hornell  Hart,  who  contrib- 
utes a  note  to  the  Jounial  of  the  .Uiicr- 
ican     Statistical     Association,     XVHI: 


900-903.  September.  1!»23.  He  finds 
that  a  Mongolian  anient  is  twenty- 
three  times  as  likely  to  be  born  to  a 
mother  forty  years  old  or  over,  as  to 
a  mother  between  the  ages  of  twenty 
and  twenty-four.  It  is  therefore  clear 
that  the  condition  is  correlated  with  the 
UK  ither's  age ;  but  the  data  are  not 
sufficient  to  show  whether  the  mother's 
age  is  significant  because  of  a  possible 
deterioration  in  the  quality  of  the 
germ-plasm,  or  merely  because  the 
older  mothers  are  likely  to  have  had 
mftrc  children  ;  or  for  some  other  rea- 
son. 


THE  TORTOISESHELL  CAT 

F.  A.  Hays 
Massachusetts    Agricultural     College 


GENETICISTS    are    almost    uni- 
versally  ai^reed    on    the    follow- 
my^    l)()ints    re.i^ardiui^    color    in- 
heritance in  cats : 

1.  That   black   males   mated   to   yel 


their  dam  carryino;  either  the  ^ene  for 
black  or  yellow  color.  This  chromo- 
some is  paired  with  the  V-chromo- 
some  from  the  sire.  This  assumedf 
__ _   _      ^^       Y-chromosome    is    ap])arently    devoid 

low  females  j^ive  tortoise  females      "^  §^^"^^  ^o''  ^^^^  colors  in  questions  so 

that  the  sons  inherit  their  color  only 
from  their  dams.  Daughters  receive 
an  X-chromosome  from  both  sire  and 
dam  and  thus  provide  a  mechanism 
for  both  the  black  and  the  yellow  fac- 
tor to  occur  in  the  female  zygotes. 
The  combined  action  of  these  factors 
gives  the  tortoise  pattern. 

Dififerent  concepts  of  the  possible 
explanation  for  the  occurrence  of  a 
few  tortoise  males  need  not  be  dis- 
cussed. The  sterility  in  such  males 
has  been  explained  by  some  as  being 
due  to  imperfect  sex  development  or 
to  the  partial  transposition  of  the  fe- 
male to  the  male  sex.  Careful  ex- 
amination of  the  fetuses  of  seventy 
pregnant  cats  by  Doncaster  and  Bem- 
ber^  has  not  revealed  a  single  case  of 
confluence  of  blood  vessels  or  fused 
chorions. 

A  means  of  explaining  the  infre- 
(juent  occurrence  of  tortoise  males  and 
their  sterility,  as  well  as  the  appear- 
ance of  the  few  unexpected  black  fe- 
males in  crosses  2  and  4.  exists  in  the 
crossing-over  phenomenon.  We  may 
assume  that  a  cross-over  only  infre- 
quently occurs  between  the  X-  and  Y- 
chromosomes  of  a  yellow  male  be- 
cause the  genes  occupy  loci  in  very 
close  proximity,  and  moreover  that 
cross-overs  sometimes  take  place  in 
the  two  X-chromosomes  of  females. 
If  a  male  with  crossinsj-over  between 


and  yellow  males 

2.  That  yellow  males  mated  to 
black  females  give  tortoise  fe- 
males, an  occasional  black  fe- 
male, and  all  black  males. 

3.  That  black  males  mated  to  tor- 
toise females  give  both  tortoise 
and  black  females  and  both  yel- 
low and  black  males. 

4.  That  yellow  males  mated  to  tor- 
toise females  give  both  yellow 
and  tortoise  females,  an  occa- 
sional black  female,  and  both 
yellow  and  black  males. 

A  feW'  tortoise  males  have  been  re- 
corded. Such  males  are  considered 
sterile.  The  two  most  important  ques- 
tions in  this  connection  are : 

1.  Why  are  tortoise  males  not  of 
frequent  occurrence  ? 

2.  Why  are  tortoise  males  sterile? 

The  first  of  these  questions  may  be 
elucidated  by  a  brief  statement  of  the 
method  of  inheritance  of  the  factors 
for  black  and  yellow,  which  when  to- 
gether make  the  tortoise  pattern.  The 
results  of  the  four  types  of  matings 
enumerated  above  clearly  place  the 
two  factors  for  coat  color  in  the  cate- 
gory of  sex-linked  factors  as  Little'* 
suggests.  In  such  case  the  male  prog- 
env    receive    an    X-chromosome    from 


*  For  numbered  references,  see  Literature  Cited  at  end  of  article. 

t  DcWinivartcr  has  apparently  discovered  two  types  of  spermatocytes  in  the  cat,  one 
carrying  seventeen  and  the  other  eighteen  chromosomes.  He  was,  however,  unable  to  trace 
the  chromosomes  farther  than  the  spermatocyte  stage.  Because  of  the  behavior  of  the  colors 
black  and  yellow  in  inheritance,  we  may  be  justified  in  assuming  the  existence  of  the  Y 
chromosome  in  half  the  spermatozoa  until  its  absence  is  proven. 
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the  X-  and  Y-chromosonies  is  mated 
to  black  females  he  should  sire  some 
tortoise  males. 

Spermatogenesis  in  tortoise  males  is 
not  normal  according  to  Cutler  and 
Doncaster."     This  mav  be   due  to   the 


abnormal  character  of  their  Y- 
chromosome,  since  the  Y-chromosome 
has  been  thought  not  to  be  the  carrier 
of  character  genes  until  the  discovery 
of  "male-linked"  by  ].  Schmidt*  in 
fishes. 
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THE  CAUSES  OF  TWINNING 

A  Review 


HEREDITY  is  a  new  standpoint 
in  biology,  reached  through 
more  intensive  and  constructive 
interest  in  the  processes  of  reproduc- 
tion. Though  much  more  attention 
has  been  given  in  recent  years  to  the 
study  of  the  transmission  of  characters, 
there  is  an  equal  or  greater  need  of 
understanding,  how  the  cliaractcrs  arc 
brought  into  expression  in  the  develoj)- 
ment  of  new  individuals.  Greater  in- 
terest may  be  claimed  for  the  expres- 
sion relations  because  they  are  in- 
fluenced by  tbe  environment,  while 
transmission  is  indcjK'ndent  of  the  en- 
vironment. Probably  on  account  of 
so  much  debate  on  the  question  whether 
environmental  influences  are  entirely 
excluded  from  transmission,  the  need 
of  more  definite  knowledge  of  the  re- 
lations of  environment  to  expression  is 
commonly  overlooked  among  students 
of  heredity. 

Thus  it  hapi)ens  that  a  book  which 
does  not  i)rofess  to  treat  of  heredity, 
and  even  omits  the  word  from  its 
index,  is  nevertheless  to  be  considered 
as  an  important  contribution  to  the 
subject.  The  book  in  question  is  Pro- 
fessor  Newman's  "The   Physiology  of 


Twinning."  a  volume  of  the  Science 
Series  of  the  University  of  Chicago.' 
The  waiting  and  printing  are  well  done, 
the  treatment  is  not  over-technical,  and 
the  reader  is  assisted  by  about  seventy 
illustrations  very  skilfully  drawn  by 
Mr.  Kenji  Toda.  The  general  interest 
of  the  book  might  not  be  suspected 
from  the  limited  subject,  but  the  treat- 
ment leaves  no  doubt  that  twinning  is 
an  imjiortant  "lead"  toward  a  better 
understanding  of  some  of  the  funda- 
mental problems  of  reproduction. 

Development  of  two  or  more  em- 
bryos from  one  egg  is  considered  as 
the  only  genuine  twinning,  and  this 
])hcnomenon  is  traced  through  all  of 
the  princi])al  grou])s  of  animals,  with 
special  consideration,  of  course,  for 
the  armadillos.  With  these  animals 
twinning  is  a  regular  occurrence  and 
is  supposed  to  be  connected  with  a  de- 
lay of  development  at  the  period  of 
gastrulation.  which  Professor  Newman 
considers  as  a  general  cause  of  twin- 
ning, and  subject  to  environmental  in- 
fluence, 'ihe  process  of  twinning  is 
conceived  fundamentally  as  a  form  of 
fission,  analogous  with  dichotomous 
branching    of     plants.       Easciation     is 


'  The  Physiology  of  Twinning,  by   Horatio  Hackett   Newman,   Professor  of  Zoology, 
University  of  Chicago.     Pp.  2:{0,  xii.     Price  $1.75.     The  University  of  Chicago  Press.     1923. 
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another  plant  plienonienon  tliat  mi^'ht 
be  compared  with  tvvinnini,^  in  animals. 

Intensive  study  of  twinning  would 
seem  justified  by  the  reco,i,mized  inter- 
est of  human  twins  as  our  most  famil- 
iar evidence  of  the  power  of  heredity 
to  determine  all  of  the  characters  in 
advance  of  development.  The  facts 
show  that  twinning  is  not  a  simple 
phenomenon,  or  merely  an  extra  di- 
vision of  the  fertilized  egg  cell,  but 
involves  a  change  of  developmental 
behavior  in  groups  of  cells.  The 
groups  not  only  subdivide  and  separate 
but  regenerate.  The  program  of  devel- 
opment is  reorganized  in  relation  to 
new  median  lines  or  planes  of  sym- 
metry, so  that  two  individuals  are  de- 
veloped. As  a  result  of  twinning. 
cells  from  the  median  parts  of  the  un- 
divided group  must  become  lateral, 
or  regenerate  lateral  cells. 

Totipotence,  or  genetic  equality  of 
the  embryonic  cells  has,  of  course,  to 
be  assumed  to  account  for  the  fact 
that  the  developmental  functions  of 
many  of  the  cells  are  changed  to 
accord  with  the  revised  plan  of  pro- 
ducing two  individuals  instead  of  one. 
The  recognition  of  totipotence  is  an 
admission  of  the  fact  that  the  courses 
of  development  can  be  changed,  but 
totipotence  alone  does  not  account  for 
changing  the  plan,  or  for  the  assign- 
ment of  the  new  and  highly  coor- 
dinated parts  that  the  cells  must  play 
in  the  drama  of  development.  Char- 
acters are  expressed  in  all  of  the 
stages  of  development,  in  the  sequence 
that  is  proper  to  the  successive  stages. 
Definite  differences  may  appear  in 
juvenile  or  emliryonic  stages,  as  well 
as  in  the  adult  stage  if  expression  is 
varied  or  abnormal. 


'I'hough  the  characters  of  the  adult 
are  determined  by  the  behavior  of  the 
cells  in  development,  yet  the  cell  be- 
havior itself  apparently  is  determined 
by  a  form  of  control  which  has  the 
])ower  to  regenerate  and  reorganize, 
which  amounts  to  redetermining  the 
expression  of  the  characters.  No 
idea  of  such  a  directing  or  determining 
agency  is  afforded  by  current  concep- 
tions of  heredity  as  a  complex  of  in- 
dependent Mendelizing  "characters." 
The  evidence  that  such  changes  of  de- 
velopment as  are  involved  in  twin- 
ning can  be  initiated  or  induced  by 
environmental  causes,  while  the  same 
plan  or  pattern  of  development  is  car- 
ried out  with  such  exactness  as  twins 
often  show,  should  lie  of  interest  to 
every  student  of  heredity. 

For  some  purposes  twinning  may  be 
considered  as  a  very  slight  form  of 
abnormality,  though  connected  by 
scarcely  perceptible  degrees  with  many 
more  definite  abnormalities.  The  forms 
of  control  and  the  nature  of  the  ad- 
justments that  are  required  for  the 
processes  of  normal  heredity  are 
shown  most  effectively  in  contrast  with 
defects  or  disturbances  of  the  normal 
course  of  development.  The  ability 
to  resist  adverse  conditions  of  the  en- 
vironment and  maintain  a  normal 
course  of  development  is  an  important 
"character,"  or  aspect  of  heredity. 
The  best  reason  for  the  study  of  ab- 
normal forms  is  to  gain  a  better  un- 
derstanding of  normal  heredity.  Mon- 
strosities and  malformations  have  been 
recorded  extensively,  but  little  use  can 
be  made  of  such  facts  for  purposes 
of  instruction  until  they  are  somewhat 
organized  and  interpreted,  as  many  are 
in  the  present  work. 

O.   F.  Cook. 
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ADDITIONAL  MUTANT  CHARACTERS  IN 
DROSOPHILA  WILLISTONI 

Ruth  M.  Fekky,  Rkukcca  C.  Lancefield  and  Charles  W.  Metz 
Department  of  Genetics,  Carnegie  Institution   of   IVashingfon 


TWENTY-iaGHT  of  the  sex- 
linked  characters  in  Drosophila 
IVillistoni,  Sturt..  have  been  de- 
scribed in  an  earlier  paper  by  Lance- 
field and  Metz."*  The  present  paper  in- 
cludes descriptions  of  six  additional 
sex-linked  characters  and  twenty-three 
autosomal  characters  in  this  species. 
Accompanying  each  description  is  an 
account  of  the  origin  of  the  character 
and  a  comparison  with  similar  char- 
acters in  other  species,  wherever  such 
characters  are  known.  The  linkage 
data,  and  a  comparison  of  the  genetic 
behavior  of  the  characters  with  that  of 
characters  in  other  species,  will  be  con- 
sidered in  a  subsequent  paper. 

A  list  of  the  characters  together  with 
a  brief  statement  as  to  their  origin  and 
nature  are  given  in  Table  L  In  this 
table  the  characters  are  arranged 
chronologically.  La  the  subsequent  de- 
scriptions the  arrangement  is  chrono- 
logical within  the  respective  linkage 
groups,  and  in  the  section  on  characters 
not  yet  "placed." 

The  present  mutant  characters  as 
well  as  those  previously  described  have 
all  arisen  in  a  single  line  of  flies  de- 
rived originally  from  Cuba.  Since  the 
species  does  not  occur  in  the  L^nited 
States,  save  rarely  in  Florida  or  adja- 
cent regions,  it  is  practically  certain 
that  no  contamination  of  the  stocks 
from  outside  sources  has  occurred.! 

W'e  are  indebted  to  Miss  E.  M. 
Wallace  for  making  the  drawing  of 
tardigrade,  and  to  Miss  E.  M.  Lord  for 
assistance  in  making  the  accompanying 
photographs,  and  also  for  the  other 
drawings. 


Sex-Linked  Characters 

Jntcvniptcd    (i) 
Figure    15,    No.  4 

Description. — lnterru])ted  is  a  vari- 
able character  distinguished  by  a  break 
in  the  fourth  vein  of  the  wing,  involv- 
ing the  loss  of  a  small  section  at  or 
near  the  apex.  The  character  is  par- 
tially sex-limited,  appearing  fairly 
regularlv  in  the  females,  but  only  occa- 
sionallv  in  the  males. 

Oriiiin. —  (\V1314).  One  male  was 
found  in  a  mating  for  short. 

Bald    (b(i). 
Figure    19 

Description. — The  bristles  and  hairs 
on  the  head  are  either  very  small,  or 
entirely  missing,  in  bald.  One  or  all 
of  the  dorso-central  bristles  may  be 
missing  and  the  hairs  on  the  thorax  are 
more  sparse  than  usual  and  the  rows 
are  irregular.  Sometimes  one,  or  both. 
of  the  anterior  scutellar  bristles  may  be 
small  or  missing  entirely.  The  most 
constant  characteristic  of  bald  is  its 
efifect  on  the  head  bristles  and  hairs. 

Orif/in. —  (RT89).  One  male  was 
found  in  rounded  stock. 

J'erniilion   (v). 

Description. — Vermilion  afifects  the 
color  of  the  eyes,  causing  them  to  be 
a  lighter  and  brighter  red  than  usual. 
The  black  fleck  in  the  center  of  the 
eve,  characteristic  of  the  normal  condi- 
tion, is  missing  in  vermilion,  and  the 
ocelli  are  white  rather  than  yellow. 

Origin. —  (RlOT-4).  One  male  was 
found  among  the  oflfspring  of  a  mating 
of  blunt  approximated  by  blistered. 


*For  Numbered  References,  see  "Literature  Cited"  at  end  of  article. 

fParticular  mention  is  made  of  this  fact,  only  because  the  opinion  is  still  held  in  .some 
quarters  (cf.  Hagcdoorn  and  Hagcdoorn  '22)"  that  Drosophila  "mutants"  may  merely  be 
segregates  resulting  from  hybridization. 
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Comparison.  —  Vermilion  resembles 
the  character  of  the  same  name  in 
Drosophila  nichniogastcr!'  I),  virilis,^ 
D.  obscura*  and  I).  Iiydei." 

Abbreviated   (ah). 
Figure   15,   No.  2 

Description. — In  abbreviated,  the 
second,  third,  and  fourth  longitudinal 
veins  fail  to  reach  the  margin  of  the 
wing,  the  second  and  the  fourth  being 
affected  the  most.  Usually  the  anterior 
cross-vein  is  missing  though  this  is  not 
a  constant  characteristic.  Occasionally 
one  of  the  scutellar  bristles  is  bent  at 
right  angles  to  the  scutellum.  The 
wing  itself  is  more  pointed  and  nar- 
rower than  the  normal  wing. 

Origin. — (Rl4o3).  Fixty-six  males 
were  found  in  the  first  hybrid  genera- 
tion of  a  mating  of  rough  scalloped  by 
blunt  approximated. 

Broken  (bk). 
Figure    16,    No.   7 

Description. — In  broken,  the  second, 
third,  or  fourth  veins,  or  any  combina- 
tion of  these,  fail  to  meet  the  margin. 
Pure  stock  has  not  yet  been  obtained, 
hence  it  is  not  certain  that  the  char- 
acter always  manifests  itself. 

Origin. —  (Rlo33).  Seven  yellow 
scute  rough  stump  broken  females  were 
found  in  the  second  generation  from  a 
mating  of  vermilion  by  yellow  scute 
rough  stump. 

Crossveinless    (c). 
Figure    15,   No.   3 

Description. — Crossveinless  is  char- 
acterized by  the  absence  of  the  pos- 
terior cross-vein  and  usually  of  the 
anterior  cross-vein  also.  A  small  part 
of  the  anterior  cross-vein  may  be  pres- 
ent as  far  as  the  sense  organ.  The 
fifth  vein  enlarges  as  it  meets  the  mar- 
gin of  the  wing  like  a  delta.  There  is 
also  a  slight  enlargement  of  the  other 
longitudinal  veins  as  they  meet  the 
marginal  vein. 

Origin. —  (R1G2T).  Several  males 
were  found  in  ragged  stock. 

Comparison . — Crossveinless  resem- 
bles the  crossveinless  of  D.  virilis"  and 


D.  melanogaster^  excej^t  for  the  apical 
enlargement  of  the  veins.  The  latter 
feature  is  sometimes  seen  in  our  stock 
of  crossveinless  in  D.  virilis,  but  not 
commonly. 

Second  Chromosome  Characters 

Approximated   (a). 
Figure   17,   No.   10,   and   Figure   21 

Description. — In  approximated  flies 
the  two  cross-veins  of  the  wings  are 
much  closer  together  than  in  the  wild- 
type  flies.  The  legs  are  also  greatly 
modified,  the  first  tarsal  joint  of  each 
leg  being  absent  and  the  remaining 
ones  shortened. 

0  rigin . —  ( L88 ) .  About  twenty  males 
and  females  were  found  in  a  normal 
mass  culture. 

Comparison. — The  wing  modification 
involved  in  this  character  is  seen  in 
mutants  of  other  species,  but  not,  so 
far  as  we  know,  in  company  with  the 
leg  modifications  found  here. 

Spread  (sp). 

Description. — In  spread  the  wings 
are  held  at  an  angle  of  almost  ninety 
degrees  from  the  body  and  are  curved 
down.  In  older  flies,  the  wing  is  usu- 
ally curled  or  torn  along  the  margin 
and  the  tip  is  often  gathered  in. 

Origin.— (WIS,  W19).  Two  males 
and  one  female  were  found  in  a  mat- 
ing for  sparse. 

Comparison. — Spread  resembles  in  a 
general  way  the  numerous  spread  wing 
mutant  characters  of  other  species  of 
Drosophila,  but  so  far  as  we  know 
none  of  the  latter  agrees  with  it  in  de- 
tail. 

Blunt    (b). 
Figure   19 

Description. — The  scutellum  is  square 
instead  of  pointed  in  blunt.  Usually 
one  or  both  of  the  anterior  scutellar 
bristles  are  missing,  though  all  four 
scutellar  bristles  may  be  present,  in 
which  case  the  posterior  ones  are  very 
much  closer  to  the  anterior  ones  than 
in  the  normal  condition. 

Origin.— {\y  13,  W17).  Blunt  was 
found  in  the  second  generation  of  a 
mating  involving  approximated. 
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Circular   (cr). 

Description. — The  wings  arc  circu- 
lar, and  often  balloon  shaped ;  and  the 
entire  fly  is  small.  As  it  had  very  poor 
viability,  it  was  difficult  to  breed  and 
the  stock  has  been  lost. 

Origin. —  (W294).  Several  males 
and  females  were  obtained  from  a  mat- 
ing for  sex-ratio. 

Knotted  (K). 
Figure    17,    No.   9 

Description. — Knotted  affects  all  the 
veins  of  the  wings.  They  are  enlarged 
irregularly  into  knots,  especially  wher-.- 
the\-  meet  each  other  or  meet  the  mar- 
ginal vein.  There  may  be  extra  veins 
present  as  branches  from  the  main 
veins,  and  the  cross-veins  may  be  gone 
or  may  be  close  together,  like  approxi- 
mated. The  marginal  hairs  are  present 
in  clumps  giving  the  edge  of  the  wing 
a  fringed  appearance.  The  wing  is 
sometimes  cut  off  square  at  the  tip  or 
it  ma}-  be  turned  up  at  the  tip  instead 
of  lying  down  over  the  abdomen  as 
the  normal  wing  does.  The  wings  also 
are  often  smaller  than  normal.  The 
character  is  a  dominant  and  the  flies 
have  poor  viability. 

Origin .—  ( W^m .  LoH  1 ) .  One  knot- 
ted male  and  one  knotted  female  were 
found  in  the  first  generation  of  a  mat- 
ing of  rough  rosette  by  morula. 

Comparison. — Knotted  resembles  delta 
in  D.  simulans'"  in  having  the  first  vein 
thickened ;  the  second  vein  f  requentlv 
thickened  at  the  end.  and  sometimes 
throughout  the  whole  vein ;  and  the 
others  sometimes  thickened.  Like  delta 
it  is  an  autosomal  dominant,  and  the 
flies  have  poor  viability.  Knotted  dif- 
fers from  delta  in  not  having  a  branch 
on  the  posterior  cross-vein;  in  not  hav- 
ing the  wing-margin  cut  or  nicked ;  in 
not  having  sterile  females ;  and  in  hav- 
ing normal  bristles  on  the  scutellum. 

Clipped  and  Scalloped    {CI  and  SI). 
Figure    16,   Nos.   5   and    6 

Description  of  Clipped. — Clipped  is 
a  dominant  character,  distinguished  by 
variable  incisions  on  the  inner  margin 
of    the    wing   as    shown    in    Figure    10. 


Presumably  the  ^ene  is  lethal  when  in 
the  homozygous  condition,  for  matings 
of  clii)ped  by  clipi)ed  give  approxi- 
mately a.  2:1  ratio,  and  selection  (in 
keeping  stock)  for  forty- four  genera- 
tions has  failed  to  give  a  homozygous 
stock. 

Origin  of  a/>/>rrf.— (W1S28 ) .  Many 
males  and  females  were  found  in  a 
mating  of  rough  by  scute  short-3. 

Description  of  Scalloped.— The  char- 
acter scalloped  agrees  in  all  respects 
with  clipped  and  is  probably  due  to  the 
same  gene  (or  an  allelomorph),  al- 
though this  assumption  has  not  }et 
been  tested  adequately. 

Origin  of  Scailoped.--(\XlHo4:,. 
Many  males  and  females  were  found  in 
a  mating  of  rough  by  scute  short-3. 

Apterous  (ap). 

Description. — Apterous  is  charac- 
terized by  the  entire  absence  of  wings, 
by  greatly  reduced  balancers,  by  the 
square  rather  than  pointed  scutellum, 
and  by  the  absence  of  scutellar  bristles 
(in  most  cases).  In  addition,  the 
thorax  is  sometimes  greatly  deformed. 
Since  both  sexes  are  sterile  the  char- 
acter is  very  difficult  to  keep  in  stock. 

Or/f/m.— (R64).  Several  females 
were  found  in  the  rough  clipped  stock. 
Later  a  few  were  found  in  the  rough 
scalloped  stock. 

Comparison. — Apterous  flies  have 
been  found  in  other  species  of  Droso- 
P[^i{a  (e.  g.,  D.  vielanogaster')  but  the 
difficulties  of  breeding  have  made  de- 
tailed linkage  studies  impracticable,  and 
comparisons  may  be  omitted  here. 

Ragged  (rg). 
Figure   16,   No.   8 

Description. — The  margin  of  the 
wing  is  cut  irregularly  on  each  side  of 
the  tip  and  the  marginal  hairs  are  pres- 
ent in  clumps  along  the  part  of  the 
edge  which  has  not  been  cut. 

Origin.— (Rlloo).  Several  males 
and  females  were  found  in  a  hetero- 
zygous stock  carrying  combined. 

Red  (red) 

Description. — Red  is  an  eye  color 
character.      The    eve    is    a    darker    and 
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Blunt 


Tardigrade 


MUTANT  CHARACTERS  OF  HEAD,  SCUTELLUM  AND  WINGS 

Figure  19.  In  tardigrade  flies,  four  of  the  tarsi  (last  five  joints  of  the  leg)  are  missing. 
(See  Figure  20,  where  this  is  shown  in  connection  with  another  character.)  The  anterior 
cross  vein  is  missing  and  the  fourth  and  fifth  veins  are  connected  by  an  extra  cross  vein  at 
the  base.  In  bald,  some  of  the  bristles  are  missing  from  the  head  and  from  other  parts  of 
the  body.  This  is  a  sex-linked  character.  In  blunt  the  scutellum  is  cut  off  squarely  instead 
of  being  rounded  at  the  posterior  end,  and  some  of  the  bristles  are  absent. 


duller  red  than  that  of  the  wild-type 
fly  and  the  conspicuous  dark  fleck  of 
the  latter  is  absent  or  faint. 

Origin. —  (RloOl).  Many  males 
were  obtained  from  a  mating  of  bald 
by  scute  rough  stump.  This  character 
had  apparently  been  in  scute  rough 
stump  stock,  but  had  not  been  detected 
owing  to  the  presence  of  rough. 

Comparison. — Red  might  be  com- 
pared with  various  dark  eye  colors  of 
other  species,  but  in  the  absence  of 
associated  characters  there  is  little  evi- 


dence   to    indicate    homology    with   any 
of  these. 

Balloon  (ho). 
Figure   17,   No.   12 

Description. — In  balloon,  the  wings 
have  a  network  of  extra  veins  between 
the  second  and  third,  and  tlie  fourth 
and  fifth  veins.  There  is  also  an  extra 
vein  between  the  second  and  the  mar- 
ginal vein  and  sometimes  the  second 
and  the  third  veins  are  fused  to- 
gether instead  of  having  the  anterior 
cross-vein  present.  There  is  usually  a 
broken   Inibble   present   in   the   network 
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NORMAL    AND    VARIANT    LEGS 

FiGTRE  20.  Above  arc  shown  the  front,  niicldk'.  and  hind  legs  from  the  right 
side  of  a  normal  fly.  Below  are  shown  the  legs  of  a  mutant  from  called  combined, 
in  which  four  of  the  tarsi  are  absent,  the  one  to  which  the  claw  is  attached  being 
all  that  is  left.  This  fly  looks  about  as  peculiar  as  would  a  man  if  his  hands  were 
attached  at  the  elbows  and  his  feet  at  the  knees.  Other  deformities  also  characterize 
the  mutation. 


of  extra  VL'in.s  between  tlie  fourtii  and 
fifth  veins.  (/eneraHy  the  texture  of 
the  vvinjj^  is  heavy  and  muddy  in  ap- 
pearance. 

Oriijin. —  (RlTOT).  .Several  niale.s 
and  females  were  foinid  in  rouj^h  scal- 
loped stock. 

Compariso)}. —  I'alloon  aj^aees  closelv 
with  the  de.scrijjtion  of  balloon  in  IK 
mclauoijastcr  given  by  Bridges  and 
Morgan,"  but  the  stocks  have  not  as  yet 
been  compared. 


Third   Chromosome   Characters 

Tardigrade  (td). 

Figure   19 

Description. — I'\)ur  tarsi  are  gone  in 
tardigrade  just  as  in  combined.  The 
anterior  cross-vein  is  usually  missing, 
and  the  fourth  and  fifth  veins  are 
fused  or  connected  by  an  extra  cross- 
vein  at  the  base.  Tardigrade  flies  had 
poor  viability  and  were  very  hard  to 
breed,  hence  the  stock  was  discarded. 
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TWO    MUTANT    CHARACTERS    AFFECTING    THE    LEGS 

Figure  21.  Above  are  shown  the  three  legs  from  the  right  side  of  the  cone 
mutant.  The  first  tarsus  is  shortened  and  thickened,  giving  it  a  cone  shape,  and  the 
other  tarsi  are  shorter  than  normal.  Below  are  the  three  right  legs  of  a  fly 
showing  the  character  approximated.  The  first  tarsal  joint  of  each  is  absent,  and 
the  others  are  shortened.  This  character  also  afifects  the  wings  (see  Figure  17). 
It  is  maintained  by  some  that  the  Drosophila  "mutants"  are  nothing  but  segregates 
resulting  from  hybridization.  This  hypothesis  is  ruled  out  in  the  present  case,  as 
D.  IVillistoni  occurs  wild  in  Cuba,  but  is  found  no  farther  north  than  Florida. 
The  stock  used  here  has  been  inbred  for  over  200  generations  and  throws  mutants 
as   frequently  as  ever. 
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Origin.— {Wl2o6,  L374).  Thirty- 
two  males  and  females  were  found  in 
an  Fi  pair  mating  involving  approxi- 
mated. 

Combined    (co). 
Figure  20 

Description. — The  anterior  dorso- 
central  bristles  are  missing;  the  groove 
between  the  thorax  and  scutellum  is 
generally  gone ;  and  the  tarsi  are  com- 
pletely absent  except  for  the  segment 
to  which  the  claw  is  joined.  The  fly 
breeds  very  poorly  so  that  stock  must 
be  kept  by  using  heterozygous  flies. 

Origin. —  (\V27C).  Two  males  were 
found  in  a  mass  culture. 

Glossy   (g). 

Description. — The  eye  is  very  shiny 
as  though  varnished  and  has  a  black 
horizontal  streak  running  through  the 
center.  The  facets  of  the  eye  are  ir- 
regular and  more  or  less  run  together, 
giving  the  eye  a  roughened  appearance. 
The  flies  have  poor  viability. 

Origin. —  (W716).  Several  males 
and  females  were  found  in  a  mating  of 
blunt  approximated  by  blunt  spread. 

Incomplete   (ic). 
Figure   18,   No.   14 

Description. — In  llies  of  this  race 
both  cross-veins  are  missing,  or  prac- 
tically so,  although  a  piece  of  either 
one  or  both  may  be  present. 

Origin.— (WSOld).  Several  males 
were  found  in  forked-'i  stock. 

mistered    (/>/). 
Figure   18,   No.   16 

Description. — The  eyes  of  blistered 
flies  are  lens-shaj^ed  and  the  facets  are 
irregular  and  are  sometimes  yellow,  so 
that  the  whole  eye  has  a  blistered  ap- 
pearance. ( )ne  or  more  of  the  dorso- 
central  and  scutellar  bristles  may  be 
missing ;  the  wings  have  a  shiny  and 
roughened  ai)iiearancc  due  to  the  irreg- 
ularity of  the  hairs  on  the  wing  (Fig. 
18)  ;  the  veins  are  somewhat  thickened 
and  the  costal  hairs  are  also  slightly 
irregular.  The  flies  have  yioor  viabil- 
itv. 


Origin.— (WUdd).  A  blistered 
stump  female  was  found  in  the  stock 
of  forked  rough  stump. 

Rounded   (rd). 
Figure  18,  No.  15 

Description. — The  wings  in  this  race 
are  shorter  and  broader  than  normal, 
thus  giving  them  a  rounded  appearance. 
The  anterior  cross-vein  is  usually  miss- 
ing. When  it  is  present,  the  two  cross- 
veins  are  nearer  together  than  normal, 
due  to  the  shortening  of  the  wing. 
Both  anterior  and  posterior  cross-veins 
may  be  lacking,  in  which  case  the  wing 
is  shorter  than  the  abdomen  and  is 
curled  up  from  the  body.  The  origin 
of  the  veins  is  often  indistinct. 

Origin.- — (R390).  Many  males  and 
females  were  found  in  a  heterozygous 
stock  carrying  combined. 

Absent  {as). 
Figure  18,  No.  13 

Description. — In  this  mutant  race 
the  posterior  cross-vein  is  uniformly 
absent  and  the  anterior  one  may  be 
gone,  although  it  is  usually  ])resent. 
The  bristles  on  the  thorax  and  scutel- 
him  are  often  curly,  and  sometimes  a 
few  of  the  tarsi  of  the  hind  legs  are 
swollen. 

Origin. —  (Rill!)).  Three  males 
were  found  in  rough  scalloped  stock. 

Granulated    (gr). 
Figure   17,   No.  11 

Description. — The  wings  are  very 
shiny,  but  with  blotchy  cok)ring.  The 
veins  are  thickened  irregularly.  .Some 
of  the  bristles,  usually  the  anterior 
dorso-centrals.  are  missing  from  the 
thora.x.  and  occasionally  one  of  the 
.scutellars  is  gone.  In  extreme  cases, 
one  or  all  of  the  bristles  and  hairs  are 
gone  from  the  head.  Also  the  wings 
are  smaller  than  normal  and  the  eyes 
may  be  slightly  roughened.  The  flies 
have  poor  viability. 

Origin. —  (R  11(53).  Two  males  and 
one  female  were  found  in  the  second 
generation  of  a  mating  of  blunt  spread 
bv    ragged. 
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Characters  Not  Yet  "Placed" 

The  followiiii;-  mutant  characters  are 
known  to  be  inherited.  l)iit  their  link- 
age relations  have  not  yet  been  worked 
out.  With  the  possible  exception  of 
broken,  they  are  all  autosomal  char- 
acters. 

Hra lulled  (br). 

Description. — The  usual  manifesta- 
tion of  the  character  branched  is  a 
short  branch  runnins.,^  distally  from  the 
posterior  cross-vein  at  or  near  its  junc- 
tion with  the  fifth  vein,  or  a  branch 
from  the  fifth  vein  toward  the  margin. 
All  the  veins  are  slightly  thicker  than 
usual.  The  character  is  unsatisfactory 
to  work  with,  for  it  seldom  appears  in 
the  males  and  it  does  not  always  ap- 
pear in  the  females. 

Origin. —  (R323).  One  female  was 
found  in  triple  stock. 

Lac  king   (I). 

Description.  —  Lacking  is  distin- 
guished by  the  absence  of  one  or  both 
of  the  posterior  scutellar  bristles,  but 
the  character  is  not  constant  and  some- 
times fails  to  be  manifest. 

Origin. —  (R606).  Several  males 
and  females  were  found  in  the  second 
generation  of  a  mating  for  small 
bristles. 


Cone   (en). 
Figure   21 

Description. — The  first  tar.sus  is 
shortened  and  broadened  at  its  base 
giving  it  a  cone  shape.  The  other  tarsi 
are  also  shortened.  This  condition  is 
most  extreme  on  the  hind  legs,  but  it  is 
also  seen  to  a  lesser  degree  on  the  other 
two  pairs.  The  wings  may  be  bent 
down  over  the  abdomen,  although  this 
is  not  a  constant  characteristic.  Since 
cone  males  are  sterile,  pure  stock  can- 
not be  maintained. 

Origin. —  (R2011).  One  male  was 
found  in  the  third  generation  from  a 
mating  of  blunt  approximated  by  rough 
clipped. 

Jaunty    (j). 

Description. — In  jaunty  flies  the 
wings  are  of  a  very  thick  and  opaque 
texture  and  turn  up  at  the  tip.  Gen- 
erally the  wings  do  not  entirely  unfold. 

Origin. —  (R2r28).  Several  yellow 
scute  jaunty  females  were  obtained 
from  the  first  generation  of  a  mating 
of  rough  rimmed  stump  by  yellow 
scute. 

Comparison. — Jaunty  bears  a  general 
resemblance  to  jaunty  and  the  jaiuity- 
like  characters  in  D.  uielanogaster.'  but 
it  cannot  be  identified  with  any  par- 
ticular one  at  i)resent. 


Literature  Cited 

^Bridges,  C.  B.  The  Mutant  Crossvcinless  in  Drosnpliila  iiwlanoi/astcr.  I'roc.  Xat. 
Acad.  Science,  6:660.     1920. 

^Bridges,  C.  B.,  and  T.  H.  Morgan.  The  Second  Chromosome  Group  of  Mutant  Char- 
acters.    Carnegie  Inst.,  Wash.,  Pub.  278:123-304.     1919. 

^Clausen,  R.  E.  Inheritance  in  Drosopliila  lixdci.  I  White  and  Vcrmihnn  Eve-Colors. 
Amer.   Nat.,   57:52.      1923. 

*  Lan'CEField,  D.  E.  Linkage  Relations  of  the  Sex-Linked  Characters  in  Drosophila 
ohscura.     Genetics,  7:335-384.     1922. 

"Hagedoorn,  a.  L.  and  A.  C.  Species  Crosses  in  Rats.  Zeits.  f.  ind.  .lbs.  u.  J'ereb. 
29:97.     1922. 

"  Lancefieu),  R.  C.  and  C.  W.  Metz.  The  Sex-Linked  Group  of  Mutant  Characters  in 
DrosophUa  zcillistoni.    Amer.  Nat.  61  :211-241.     1922. 

^Metz,  C.  W.  An  Apterous  Drosopliila  and  Its  Genetic  Behavior.  .Inwr  .\'at.  48:675- 
692.     1914. 

*Metz,  Moses  and  Mason.  Genetic  Studies  On  DrosophUa  ririlis.  etc.  Carnegie  Inst. 
Wash.  Pub.  328.     1923. 

'  Morgan,  T.  H.  and  C.  B.  Bridges.  Sex-Linked  Inheritance  in  Drosopliita.  Carnegie 
Inst.  Wash.  Pub.  237.     1916. 

"Sturtevant,  a.  H.  Genetic  Studies  on  DrosophUa  simuUvts.  Ill  Autosomal  Genes. 
General   Discussion.     Genetics  6:179-207.     1921. 

"'Weinstein,  a.  Homologous  Genes  and  Linear  Linkage  in  DrosophUa  ririlis.  Proc. 
Nat.  .4ead.  .Science,  ():625-639.      1920. 


384  The  Journal  of  Heredity 

Chronological  List  of  Sex-Linked  Characters  in  Drosophila  Willistoni 


Interrupted 

Bald 

Vermilion 

Abbreviated 

Broken 

Crossveinless 


Charc^cter        Symbol         Parts   affected 


t 

hd 

V 

ab 
bk 


Wing  veins 
Bristles   and   hairs 
Eye-color 
Wing    veins 
Wing    veins 
Wing    veins 


First 
Observed 


March  1920 
May  1922 
June  1922 
Aug.  1922 
Sept.  1922 
Oct.       1922 


Found  h\ 


R.  C.  Lancefield 
R.  AI.  Ferry 
R.  M.  Ferry 
R.  M.  Ferry 
R.  M.  Ferry 
C.  W.  Metz 


Record 


W1214 

R789 

R1074 

R1453 

R1532 

R1627 


Chronological  List  of  Autosomal  Characters  in  Drosophila  Willistoni 


Character    Symbol        Parts  affected 


Linkage      First 
group    Observed 


Found  bv 


Record 


Approximated 

a 

Wing  veins 

and 

legs 

II 

Apr.  1919 

C.  W.  Metz 

L88 

Spread 

sp 

Wings 

II 

Mav  1919 

D.  E.  Lancefield 

Wis,  W19 

Blunt 

b 

Scutellum 

II 

July    1919 

D.  E.  Lancefield 

W13,  Wl7 

Tardigrade 

td 

Wing   veins 

and 

legs 

III 

Aug.  1919 

C.  W.  Metz 

L394,  W1256 

Circular 

cr 

Wings 

11 

Nov.  1919 

R.  C.  Lancefi( 

?ld 

W294 

Combined 

CO 

Legs 

III 

Nov.  1919 

R.  C.  Lancefield 

W276 

Knotted 

K 

Wings 

II 

Dec.  1919 

R.  Q.  Lancefi( 

;ld 

W922.  L581 

Glossy 

g 

Eves 

III 

Jan.    1920 

R.  C.  Lancefield 

W71  fi 

Incomplete 

ic 

Wing  veins 

III 

Feb.   1920 

R.  C.  Lancefield 

W3079 

Blistered 

bl 

Eyes,  wings 

and 

bristles 

III 

Mav  1920 

R.  C.  Lancefield 

W1439 

Clipped 

CI 

Wings 

II 

Aug.  1920 

R.  C.  Lancefield 

W1828 

Scalloped 

SI 

Wings 

11 

Aug.  1920 

R.  C.  Lancefield 

W1854 

Apterous 

ap 

Wings,   scut 

ellun 

1,   bris- 

ties,   thorax 

11 

Nov.  1921 

R.  M.  Ferry 

R64 

Branched 

br 

Wing  veins 

? 

Feb.   1922 

R.  M.  Ferrv 

R323 

Rounded 

rd 

Wings 

Ill 

Feb.   1922 

R.  M.  Ferrv 

R390 

Lacking 

/ 

Bristles 

■? 

Mar.  1922 

R.  M.  Ferrv 

RfiOfi 

Absent 

as 

Wing  veins 

Ill 

lulv   1922 

R.  M.  Ferrv 

R1119 

Ragged 

rq 

Wing 

II 

July   1922 

R.  M.  Ferrv 

R1155 

Red 

red 

Eve-color 

II 

Aug.  1922 

R.M.  Ferrv 

Rl.'iOl 

Balloon 

bo 

Wings 

II 

Nov.  1922 

R.  M.  Ferrv 

R1707 

C,ranulated 

gr 

Wings 

III 

Dec.  1922 

R.  M.  Ferrv 

R1953 

Cone 

en 

Wings  and 

legs 

■> 

Jan.    192:^ 

R.  AL  Ferrv 

R2011 

Jaunty 

J 

Wings 

■> 

Feb.  192:i 

R.  M.  Ferry 

R2128 

Racial  Origin  of  Gregor  Mendel 


Ik'forc  the  war,  the  founder  of  Men- 
(lelism  was  usually  referred  to  as  "the 
Austrian  monk."  I^'ollowinj.j  the  dis- 
sohition  of  the  old  monarchy,  and  the 
constitution  of  the  Czecho-Slovakia.  I 
have  seen  him  mentioned  as  a  Czecho- 
slovak. Little  is  known  of  his  pedi- 
gree, and  few  writers  have  i)aid  any 
attention  to  it.  A  comment  on  this,  in 
a  correspondence  with  Professor  h'ritz 
Lenz  of  the  University  of  Munich, 
drew  forth  the  following  interesting 
opinion  : 


"It  Mindel  is  now  being  claimed  for 
Czecho-Slovakia  that  is  another  'im- 
])erialistic  annexation'  which,  like  so 
many  others,  does  not  correspond  to 
the  'self-determination  of  jieoples." 
Mendel  was  throughout  of  German 
origin,  of  a  family  believed  to  have 
emigrated  from  Bavaria.  Racially,  he 
was  a  mixed  type,  presumablyy  a  blend 
of  nordic-aIi)ine-dinaric.  like  most  of 
the  jjojHilation  of  that  region.  He  was 
certainly  not  pure  Alpine  in  race,  nor 
a  Slav  in  nationalitv." — P.   P. 


^'i 
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DEFECTIVE   CHILDREN   ASCRIBED   TO   BAD   ENVIRONMENT 

The  fiirl  at  the  left  was  born  before  her  parents  left  their  home  in  Italy,  and  is  a  happy 
and  normal  child.  The  two  microcephalic  boys  were  born  after  the  family  had  lived  in  New 
York.  Dr.  Schlapp  has  observed  hundreds  of  such  families,  that  have  come  to  America  with 
one  or  more  normal  children,  but  whose  first  children  born  in  this  country,  where  their 
parents  were  living  under  congested  city  conditions  in  New  York,  were  defective.  Later 
children  of  the  same  families  are  likely  to  be  normal.  Dr.  Schlapp  maintains  that  the 
defectives  are  the  result  of  an  alien  and  unnatural  environment  that  disturbs  the  balance  of 
the  endocrine  secretions  of  the  mother.  If  the  modern  industrial  city  is  an  environment  so 
ill  suited  to  the  people  living  in  it  that  such  effects  can  be  induced,  the  facts  need  to  be 
known.  The  mothers  of  the  definitely  defective  children  usually  suffer  severely  from  home- 
sickness or  other  emotional  disturbances,  but  it  is  believed  that  children  who  are  not  reckoned 
as  defectives  may  fall  below  normal  heredity  as  a  result  of  the  adverse  conditions  of  urban 
existence.  Support  and  care  of  defectives  and  deficients  is  becoming  one  of  the  great  burdens 
of  civilization,  and  is  rapidly  growing  heavier.  If  these  unfortunates  represent  only  the  ex- 
tremes of  a  general  deterioration  that  is  going  on,  tlie  outlook  for  progress  under  urban 
conditions  is  indeed  somhvr-  luiitor.   (Frontispiece.) 


CAUSES  OF  DEFECTIVE  CHILDREN 


Prenatal  Development  Affected  by  Glandular  Disturbances  in  the 

Mother — Induced  by  Unfavorable  Environment 

Max  G.  Schlapp 

Professor  of  Xcuropathology   in   Post-Gradiiate   Medical   School   and    Hospital. 
Director  of  Children's  Court  Clinic,  New  York  City. 

(Photographs    copyrighted   by    the   Author.) 


RECENT  Studies  of  mentally  de- 
fective children  and  their  moth- 
ers have  served  to  emphasize  the 
fact  that  prenatal  pathological  condi- 
tions in  the  female  parent  are  respon- 
sible for  certain  definite  malformations 
in  the  child.  These  investigations  have 
thrown  light  upon  the  causation  of 
many  obscure  defects  and  deformities. 
More  specifically,  they  have  proved, 
for  the  first  time,  that  to  certain  chemi- 
cal imbalance  in  the  blood  of  the 
mother  can  be  traced  the  cause  of 
many  of  the  strange,  monstrous  unfor- 
tunates who  have  been  born  into  the 
world  and  of  whose  peculiarities  history 
has  defied  any  explanation  outside  the 
realm  of  superstition. 

For  some  years  we  have  understood, 
from  laboratory  experiments  on  lower 
animals,  that  the  introduction  of  ex- 
trinsic poisons  into  the  female  parent 
will  bring  about  weaknesses,  abnormali- 
ties and  monstrosities  in  the  offspring. 
Notably  is  this  the  case  where  the 
parent  has  been  subjected  to  the  toxic 
effects  of  morphine,  alcohol  or  the  like. 
But  it  is  only  now  that  we  are  begin- 
ning to  realize  that  internal  factors 
having  to  do  with  disturbances  of  the 
ductless  glands  are  the  chief  causes  of 
these  mysterious  malformations  in  chil- 
dren. Indeed,  such  malformations  have 
heretofore  been  particularly  bafiling  in 
view  of  the  fact  that  the  parents  were, 
in  many  cases,  apparently  healthy  in- 
dividuals who  revealed  none  of  the 
stigmata  so  badly  evident  in  the  prog- 
eny. 

At  this  point  the  reservation  must  be 
noted  that  intrinsic  toxins,  such  as  re- 


sult from  focal  infections  and  infec- 
tious diseases,  play  a  subordinate  part 
in  the  prenatal  history  of  the  misbe- 
gotten. This  part  is,  however,  sec- 
ondary as  well  as  subordinate,  the 
toxin  most  likely  acting  ])rimarily  upon 
the  endocrine  organs  of  the  mother, 
which  in  the  resulting  pathological  con- 
dition, fail  to  do  their  part  in  the  de- 
velopment of  the  child. 

With  the  number  of  mental  defect- 
ives and  deficients  steadily  mounting, 
the  economic  situation  ever  becoming 
more  inimical  to  all  weaker  individuals, 
and  the  burden  of  public  charity  strain- 
ing the  state  purse,  locating  the  source 
of  supply  of  the  mentally  handicapped 
becomes  of  vital  importance,  not  only 
medically,  but  socially.  An  understand- 
ing of  the  profound  causes  of  these 
conditions  alone  holds  out  the  ])romise 
of  their  treatment  and  correction; 
namely,  decreasing  the  begetting  of 
these  individuals  and  the  certainty  that 
many  of  them,  notably  the  cretins,  can 
be  normalized  after  birth  must  be  wel- 
comed as  an  addition  of  the  first  rank 
to  the  sum  of  our  medical  and  social 
progress. 

The  Causes  of  Abnormal 
Development 

To  understand  the  etiology,  or  the 
general  and  specific  causes  of  such  dis- 
turbances as  are  responsible  for  the 
birth  of  mental  defectives,  we  must  go 
back  to  the  life  processes  of  those 
fundamental  organisms,  the  living  cells. 
Of  these  processes  there  are  only 
three:  the  nutritive,  the  formative  and 
the    functional.      The   nutritive   process 
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is  that  activity  by  which  the  cell  takes 
into  itself  nutriment  from  the  sur- 
rounding medium  (as  in  the  case  of 
the  amoeba  living  in  the  sea  water). 
and  stores  this  food  as  potential 
energy.  The  formative  process  is  com- 
monly called  cell  division.  It  is  the 
process  by  which  organisms  grow,  and 
it  is  with  this  matter  of  growth  that 
we  shall  have  most  to  deal  in  this  con- 
nection. The  functional  process — 
which  does  not  especially  concern  us 
now — is  the  part  of  all  life  that  is  de- 
voted to  some  specific  activity,  such  as 
the  contraction  of  a  muscle  cell,  the 
secretion  of  a  gland  cell,  the  impulse 
transmission  by  a  nerve  cell  or  the  sim- 
ple locomotive  movements  of  an 
amoeba. 

Thus,  like  all  living  creatures,  the 
cells  which  make  up  the  body  engage  in 
three  principal  activities :  feeding  or 
absorbing  energy,  growing  or  reproduc- 
ing, and  functioning  or  performing 
some  special  act  or  labor  in  which  the 
stored  energies  are  consumed.  It 
would  seem  a  platitude  to  say  that  if  a 
human  being  is  fed  on  bad  food  he  will 
sicken  and  will  be  able  neither  to  grow 
nor  to  work,  but  it  is  stating  a  fact  as 
yet  not  generally  recognized  to  a])i)ly 
this  bit  of  common  sense  to  the  cells  of 
which  that  human  being  is  made.  Par- 
ticularly does  it  seem  almost  .startling 
to  applv  it  to  the  cells  of  the  unborn 
child. 

Just  here  lies  the  core  of  our  prt)b- 
lem.  'J'he  formative  ])rocess  of  the 
cells  in  the  human  embryo  is  dependent 
upon  a  chemically  normal  medium — a 
healthy  blood  condition  in  the  mother. 
Expressed  in  the  simplest  terms,  this 
process  nutst  have  a  well  balanced 
ration  of  food  peculiar  to  it.  If  this 
condition  ])revails,  and  there  has  been 
no  serious  involvement  of  the  germ 
plasm,  tiie  various  groups  of  cells  in 
the  foetus  will  develop  normally  and 
we  shall  have — other  troubles  not  in- 
tervening— a  healthy  child.  We  know, 
however,  that  toxins  of  all  sorts  act 
selectively  on  special  cell  groups,  in- 
hibiting or  exaggerating  their  growth. 
Thus  the  j)resence  in  the  mother  of  any 


kind  of  extrinsic  or  intrinsic  poisons 
mav  cause  the  development  of  mon- 
sters. The  same  rule  is  now  known  to 
ai:)plv  in  any  case  where  the  chemical 
medium  on  which  the  growing  cell 
feeds  is  seriouslv  disturbed  by  abnor- 
mal functioning  of  the  internal  secre- 
torv  glands. 

A  parallel  is  to  be  found  in  primitive 
marine  life.  Not  only  are  the  simple 
organisms  that  float  in  the  littoral 
waters  of  the  sea  killed  or  injured 
by  the  presence  of  hostile  chemicals, 
but  also  by  variations  in  the  salt  con- 
tent or  the  temperature  of  the  brine. 
The  medium  upon  which  the  human 
embrvonic  cell  feeds  and  in  which  it 
lives  is  preciselv  comnarable  to  the 
amoeba's  sea  water.  If  the  endocrine 
balance  of  the  mother  becomes  dis- 
turbed from  any  cause,  such  as  worry, 
strain,  emotional  shocks,  grief,  fright, 
constant  excitement  and  the  like,  dur- 
ing the  course  of  the  gestation  period, 
there  is  the  gravest  likelihood  that  the 
chemical  balance  of  her  blood  will  be 
deranged,  that  certain  cells  which  live 
in  it  and  feed  on  it  will  grow  abnor- 
mally or  refuse  to  grow  at  all.  and  that 
another  defective  will  be  born. 

Typical  Cases 

Case  1.  .\  family  of  Italian  i)eas- 
ants  was  attracted  to  .America  because 
one  of  the  neighbors  had  returned  to 
the  home  village  in  what  seemed  a 
golden  ])rosperity.  This  man  bafl  gone 
to  .America  ten  years  Ijcfore  and.  after 
the  usual  struggles  and  defeats,  had 
pros])ercd  in  a  small  way.  In  his  new 
felicity  he  forgot  his  early  trials  and 
told  only  of  triumphs.  The  pca.sant 
family  sold  what  it  owned,  hopefully 
])ackcd  a  few  belongings  and  set  out 
from  that  peaceful,  normal  environ- 
ment in  which  the  stock  had  grown 
from  the  time  of  the  Caesars,  to  stake 
its  small  strength  against  the  industrial 
giant,  yawning  across  the  sea.  Of 
these  wayfarers  there  were  only  three. 
the  parents  and  one  daughter,  a  happy 
and  normal  child.      ( I^ee   Frontispiece.) 

These  strangers  settled  in  New 
^'ork.     Their  jxiverty  was  pitiful;  their 
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struj^s^ie  to  adjust  to  a  tutall}-  alien 
environment  worse  than  brutal.  The 
mother  was  forced  out  into  the  eco- 
nomic fight.  At  about  the  same  time 
she  became  pregnant  with  the  second 
child.  That  rest,  tbat  repose  which  all 
women  need  for  the  labors  of  child 
creation,  was  denied  her.  Instead  of 
the  cool  mornings,  the  hot  days  and  the 
long  purple  evenings  of  her  Ligurian 
hills,  she  had  the  drudgery  of  a  mill 
for  her  ease.  Naturally,  she  was  seized 
with  a  powerful  nostalgia.  Her  home 
and  her  past  beckoned  her  out  of  the 
inferno  into  which  she  had  wandered. 
Outwardly,  the  miserable  woman's 
emotions  cooked  over  into  constant 
tears.  Inwardly,  they  seethed  up  into 
a  very  grave  disturbance  of  the  endo- 
crines.  In  this  condition  she  struggled 
through  the  forming  and  bearing  of 
the  second  child,  and  then  of  the  third. 
At  length,  something  of  the  measure- 
less tragedy  of  her  situation  weighed 
upon  her,  and  she  came  to  the  clinic 
with  her  microcephalic  children — idiots. 
(Again    see    Frontispiece.) 

It  was  impossible  to  induce  this 
mother  to  submit  herself  to  the  various 
metabolism  tests,  but  even  outwardly 
she  gave  unmistakable  evidences  of  a 
disturbed  metabolism  due  to  chemical 
imbalance.  She  was  not,  however,  in 
the  least  microcephalic.  And  it  will  be 
well,  at  this  point,  to  accentuate  the 
fact  that  mothers  of  microcephalic 
children  rarely,  if  ever,  show  any  of 
the  faults  of  their  unhappy  progeny. 
Our  problem,  in  these  cases,  is  appar- 
ently one  of  prenatal  chemistry,  not  of 
heredity.  If  these  pathological  types 
were  to  breed,  no  doubt  many  of  the 
cases  would  reproduce  a  similar  defect. 
In  other  words,  we  have  here 
possibly  a  mutation.  These  cases,  how- 
ever, being  so  defeective,  there  is  no 
possibility  of  their  breeding.  How 
many  such  defects  may  be  continued 
by  heredity  after  once  having  been  es- 
tablished by  serious  environmental 
changes  is  not  known,  although  Stock- 
ard,  of  Cornell,  has  shown  that  mal- 
formation i)roduced  in  the  offspring  by 
extrinsic    toxins    being    introduced    into 


the  parent  can  be  lost  in  three  or  four 
generations  and  the  animal  returned  to 
the  normal  condition.  If  the  patho- 
logical change  in  the  offspring  of  a  dis- 
turbed mother  is  slight  enough  not  to 
inhibit  reproduction,  it  may  very  read- 
ily be  continued  for  a  number  of  gen- 
erations. This  mother  showed  svmp- 
toms  indicative  of  constitutional  im- 
balance caused  by  endocrine  disorder, 
such  as  depression,  intense  restlessness, 
insomnia,  loss  of  appetite  and  of 
weight,  tremors,  profuse  perspiration, 
palpitation  of  the  heart,  and  so  forth. 

Cose  2.  We  have  here  an  Ameri- 
can-born mother  of  four  children,  all 
of  them  born  within  five  years.  (See 
Figure  1.)  It  will  be  seen  that  the 
first  and  the  second  children  are  per- 
fectly normal.  The  third  child  fol- 
lowed fast  upon  the  two  earlier  ones, 
and,  to  make  matters  worse,  the 
mother,  in  the  first  month  of  preg- 
nane}' with  this  child,  contracted  in- 
fluenza and  was  in  bed  for  three  or 
four  weeks.  After  the  illness  she  was 
unable  to  recover  her  strength,  and  in 
this  depleted  state  of  her  forces  she 
passed  through  the  remainder  of  the 
child-bearing  period.  The  fruit  of  this 
set  of  circumstances  is.  as  may  be  seen, 
a  typical  Mongolian  idiot. 

The  mother  could  not  nurse  the 
child,  but  after  some  months  she  recov- 
ered strength  rapidly,  and  within  fif- 
teen months  after  the  birth  of  the  third 
child  she  brought  the  fourth  child  into 
the  world.  This  infant  gave  all  the 
normal  responses  and  is  apparently 
healthy. 

Mongolian  Idiocy  Due  to  Endocrine 
Disturbance 

It  is.  of  course,  well  known  that  the 
Mongolian  type  of  idiot  is  commonly 
the  child  of  a  mother  who  is  nearing 
the  menopause.  At  this  period  of  a 
woman's  life  the  hormone  balance  is 
seriously  disturbed.  From  my  own 
observations  and  those  of  many  others, 
it  is  now  safe  to  conclude  that  Mon- 
golian idiots  are  also  frequently  born 
of  younger  women  whose  endocrines 
have  been  disturbed  bv  the  drain  of  in- 
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MONGOLIAN    IDIOCY    DUE    TO    UNBALANCED    HORMONES 

Figure  J.  It  has  long  been  a  matter  of  observation,  recently  conlirmed  by  statistical 
studies,  that  Mongolian  idiots  are  in  the  great  majority  of  cases  the  children  of  womcri  near- 
ing  the  menopause,  a  period  when  the  harmone  balance  is  known  to  be  disturbed.  This  type 
of  defective  children  is  also  born  of  mothers  who  have  had  the  normal  secretion  of  their 
ductless  glands  upset  by  the  drain  of  infectious  diseases,  or  from  other  causes.  In  this  case 
the  mother  contracted  influenza  about  eight  months  before  the  birth  of  the  third  child  who 
is  a  Mongolian  idiot.  The  three  other  children  are  apparently  normal,  their  startled  appear- 
ance is  due  to  being  photographed  by   flashlight. 


fectious  diseases  or  other  causes,  such 
as  emotional  strain,  exposure  to  indus- 
trialism, and  so  forth. 

Since  Mon.tj^olian  idiots  arc  invariably 
alike,  it  is  to  be  deduced  that  a  uniform 
type  of  disturbance  is  responsible  for 
them.  And,  since  we  know  that  such 
an  offspring  is  borne  most  frequently 
bv  women  sufTcring  from  endocrine 
disturbance  common  to  the  pre-meno- 
pause  state,  we  may  safely  conclude 
that  the  misbirth  in  this  case  (Fii.,aire 
1),  was  not  directly  due  to  any  of  the 
intrinsic   toxins   of   the   influenza    from 


which  the  mother  had  suffered,  but  that 
its  causation  was  of  secondary  nature. 
That  is  to  say,  that  the  peculiar  type  of 
abnormality  of  the  child  may  be  ac- 
cepted as  convincing  evidence  of  a  con- 
dition in  the  mother  analogous  to  the 
endocrine  disturbance  in  the  women 
who  are  most  frequently  the  mothers 
of  this  type  of  child. 

Effect  of  Environment  on   Type   of 
Children 

Going  l)ack  to  Case  Xo.  1,  it  is  im- 
portant to  note  that,  in  my  own  clinic 
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at  the  Post-Graduate  Medical  School 
and  Hospital,  ivc  have  recorded  hun- 
dreds of  cases  in  which  immigrant 
couples  who  had  produced  normal  chil- 
dren in  Europe,  under  familiar  envi- 
ronment, have,  after  their  arrival  in 
this  country  and  their  projection  into 
the  unfamiliar  and  enervating  social 
and  economic  situation,  brought  forth 
one.  two  and  in  rare  instances  more 
defectives. 

It  seems  to  me  that  there  can  be  no 
question  that  the  emotional  nature  of 
man.  and  particularly  of  woman,  plays 
an  important  part  in  bringing  about  the 
chemical  disturbance  which  is  responsi- 
ble for  such  abnormalities.  The  home- 
sickness of  these  mothers  is  always 
marked,  and  this  is  the  beginning  of  a 
general  emotional  involvement.  Strange- 
ly, and  yet  naturally  enough,  after  four 
or  five  years,  when  the  immigrants 
have  become  adjusted  to  their  new 
environment,  they  bring  forth  healthy 
children  again. 

In  the  case  of  Mongolians  and 
microcephals,  the  endocrine  disturbance 
in  the  mother  has  evidently  been  grave, 
resulting  in  a  serious  derangement  of 
the  formative  process  of  the  cells  in 
the  child.  Unhappily,  in  the  present 
state  of  our  knowledge  we  are  unable 
to  treat  such  children  successfully.  But 
in  all  probability  we  could  prevent  the 
occurrence  of  these  abnormalities  in 
children  of  previously  healthy  young 
mothers,  if  the  normal  chemical  bal- 
ance of  the  mother  could  be  restored 
by  treatment  before  the  conception  of 
the  children.  Not  only  are  we  unable 
to  help  such  children  materially,  but  we 
do  not  know  precisely  what  glands  of 
the  mother  or  of  the  child  are  involved. 
We  have  the  suspicion  of  a  pluri- 
glandular involvement,  and  this  notion 
is  sustained  to  some  extent  by  the  fact 
that  such  cases  have  been  kept  under 
pluri-glandular  treatment  for  periods 
of  from  eight  to  ten  years  and  good 
results  have  been  secured,  without, 
however,  having  been  able  to  achieve 
normality.  The  well-known  short-lived- 
ness  of  such  seriously  defective  indi- 
viduals and  their  great  susceptibility  to 


infectious  diseases  would  also  seem  to 
support  this  idea. 

It  will  be  seen  from  both  the  above 
cases  that  strains  and  drains  on  women 
are  and  must  be  responsible  for  the 
birth  of  many  inferior  children.  How 
slight  or  how  grave  the  inferiority  may 
be  will  depend,  of  course,  upon  the  de- 
gree to  which  the  mother  has  been  im-* 
poverished  or  harmed. 

Women  in  Industry  and  Business 

Nothing  is  more  certain  than  that 
woman  is  especially  adapted  by  nature 
to  the  anabolic  process  of  storing  up 
energy  to  be  used  in  ihe  function  of 
child  creation  and  nourishing.  It  is 
obvious  that  if  this  energy,  instead  of 
being  used  for  the  process  for  which 
it  was  designed,  be  diverted  to  another 
process,  the  organs  which  were  created 
for  and  adapted  to  the  original  process 
will  undergo  a  change  comparable  to 
rust.  That  is,  they  will  no  longer  be 
able  to  perform  their  special  task  as 
easily  or  as  successfully  as  if  the 
energy  supplied  to  them  had  never 
been  diverted  to  perform  other  tasks 
of  a  different  nature.  Now,  when  the 
supply  of  energy  which  nature  has  pre- 
pared for  the  biologic  function  in  a 
woman  is  not  disposed  of  through  the 
means  provided,  but  is  applied  to  the 
performance  of  other  tasks,  this  woman 
naturally  becomes  less  and  less  able  to 
bear  healthy,  normal  children.  Under 
modern  social  and  economic  conditions 
increasing  numbers  of  women  are  ex- 
pending the  energy  intended  to  be  re- 
served for  their  vital  function  in  what 
was  formerly  considered  man's  work. 
It  is  only  natural  that  such  women  are 
likely  to  bear  poor  children  and  thus 
to  add  materially  to  the  afilictions  of 
society. 

But  the  problem  is  not  merely  one  of 
the  mothers'  misspent  energies  and  ex- 
hausted forces^  The  emotional  side  of 
a  woman's  life  is  quite  as  important  a 
factor  in  this  connection  as  the  physical 
side.  The  constant  shocks  to  which  a 
woman  is  subjected  in  industrial  and 
business  life  have  the  efifect  of  upset- 
ting   her    glands    and    nervous    system. 
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We  have  already  seen  what  resuhs 
from  such  disturhances.  It  is  a  fact, 
well  understood  by  all  neurologists,  that 
women  are  peculiarly  sensitive  to  emo- 
tional stresses  and  to  all  manner  of 
thrills,  fears,  and  excitements.  Woman 
is  by  nature  more  unstable  than  man. 
She  is  ill  adapted  to  the  struggle  for 
subsistence  and  her  projection  into  the 
vortex  of  industrial  life  is  daily  prov- 
ing a  more  and  more  serious  menace  to 
the  future  of  the  race. 

Successful   Treatment  of   Defectives 

Our  failure  to  help  such  cases  as  the 
two   described   is.   however,   more   than 
compensated  by  striking  success  in  in- 
stances where  the  mother  has  been  less 
gravely  disturbed.    The  extent  to  which 
we  have  been  able  to  normalize  cretins 
and    other   thyroid    cases   has    certainly 
not   been   the   least   marvel   of   modern 
medicine.       These     types     of     children 
form  the  majority  among  the  offspring 
of   mothers   suffering   from   the   milder 
forms  of  chemical  imbalance  of  a  cer- 
tain kind.     As  is  well  understood,  these 
children  are  of  two  types :  (a)  those  in 
whom  the  thyroid  gland  is  absent ;  and 
(b)  those  in  whom  it  is  undeveloped  in 
varying  degrees.     In  either  of  these  in- 
stances it  is  apparent  that  the   forma- 
tive activity  in  the  cells  of  the  child  has 
been  selectively  inhibited,  only  the  thy- 
roid being  primarily  involved.     If   the 
gland  is  absent,  the  case  is,  of  course, 
most  serious  and  early  treatment  is  im- 
perative.    If  such  children  can  be  taken 
in  hand  during  their  first  year  and  the 
full  cooperation  of  the  parent  secured 
to  the  end  that  the  treatment  be  con- 
stant and  continuous,  we  can  now  com- 
pletely   correct    the    conditions    by    the 
feeding    of    the    required    amounts    of 
thyroid  substance.     In  cases  where  the 
gland  is  merely  deficient,  good   results 
can  be  secured  even  after  the  child  has 
reached  the  age  of  two  or  three  years. 
Just   here,   however,   a   point   of    the 
utmost  importance  must  be  understood. 
Most  parents,  and.  I  believe,  some  doc- 
tors,    labor     under     the     misconception 
that   endocrine   material,    prescribed    in 
definite  cases  of  bodilv  absence  or  de- 


ficiency, may  be  taken  for  a  time  and 
then  discontinued.  As  a  matter  of 
fact,  a  child  with  an  absent  or  deficient 
thyroid  must  take  the  required  amounts 
of  thyroid  substance  regularly  and 
without  fail  for  the  rest  of  its  life. 
The  evil  results  of  an  opposite  policy 
will  be  seen  in  Figure  5. 

If  there  is  a  marked  deficiency  or 
total  absence  of  thyroid  hormone  in  a 
child,  the  growth  of  the  body,  particu- 
larly of  the  brain,  bone  structure  and 
hair,  will  be  inhil)ited  and  the  result 
will  be  dwarfing,  mental  deficiency  and 
monstrosity.  (In  thyroid  cases  the 
gonads  are  not  so  seriously  affected  as 
in  cases  where  there  is  a  deficiency  of 
the  anterior  lobe  of  the  pituitary.) 
Consequently,  if  this  condition  is  not 
corrected  early  in  life,  parts  of  the 
brain  will  simply  fail  to  form,  and  it  is 
apparent  that  such  lost  ground  cannot 
be  regained.  What  has  never  formed 
cannot  be  treated.  W^e  cannot  build 
brains.  All  we  offer  now  is  help  toward 
their  formation  by  the  introduction  of 
the  missing  endocrine  materials  which 
control  their  growth. 

The  happy  results  of  early  and  con- 
sistent treatment  of  thyroid  children 
will  be  seen  from  Figures  2  and  3. 

Again  in  Figure  2,  we  see  the  pic- 
torial history  of  a  child  suffering  from 
a  dangerous  hypothyroidism.  In  Photo- 
graph A.  we  have  the  child  at  the  age 
of  two;  in  Photograph  B.  after  fifteen 
months  of  treatment ;  in  Photograph  C, 
at  the  age  of  eleven  years,  thoroughly 
normalized,  ahead  of  his  grade  in 
school,  keen  and  active.  This  boy  is. 
of  course,  still  being  treated  and  he 
will  continue  to  be  ministered  to  for 
life.  Please  note  that  he  suffered  from 
a  marked  deficiency,  and  not  a  total 
absence,  of  the  gland.  Had  the  latter 
been  the  case,  he  could  not  have  been 
brought  to  such  excellent  health  unless 
treatment  had  been  begun  much  earlier 
than  the  age  of  two  years. 

In  Figure  3,  Photograph  A,  we  have 
a  cretinous  child  of  six  months,  at 
which  time  treatment  was  begun.  In 
Photograph  B.  we  see  the  same  child 
at  two  years,  after  consistent  treatment. 
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To  illustrate  this  point,  let  us  glance 
at  Figure  4.  Here  is  a  child  which 
was  brought  to  me  at  the  age  of  four 
years.  It  has  been  treated  elsewhere 
for  obesity,  with  the  result  of  harm, 
instead  of  help.  The  thyroid  gland  is 
most  seriously  involved  in  this  unfor- 
tunate. Photograph  A  shows  the  child 
as  it  appeared  when  brought  to  my 
clinic.  Photograph  B  shows  the  same 
child  after  six  weeks  of  treatment  This 
child  will  be  considerably  helped,  but 
there  is  no  hope  of  normalizing  it.  The 
four  first  years,  during  which  its  brain, 
bones,  and  hair  failed  to  form  properly, 
cannot  be  recajjtured  from  the  ])ast. 

My  intention,  in  this  article,  has  been 
to  contrast  such  feats  of  treatment  as 
are  now  within  our  power,  with  the  in- 
finite mysteries  still  to  be  explored.  It 
is  clear  beyond  peradventure — or  so  it 
seems  to  me — that  to  disturbances  of 
the  chemical  balance  in  the  blood  of 
mothers  we  will  be  able  to  trace  far 
the  greatest  number  of  all  cases  of 
physical  and  mental  malformation  in 
children.  It  is  even  possible  that  more 
extensive  investigations  will  widen  the 
horizons  in  this  field,  and  that  we  shall 
find  this  disturbance  in  the  body  of  the 
mother  directly  responsible  for  faults 
and  weaknesses  in  the  child,  w^hose 
connection  with  such  disturbance  has 
as  yet  been  unsuspected. 

The  problem  which  stands  immedi- 
ately before  us,  however,  is  to  gain 
such  understanding  of  other  gland  in- 
volvements in  children  as  we  now  pos- 
sess in  the  matter  of  thyroid  cases.  We 
know  full  well  that  the  pituitary  gland 
is  involved  in  certain  of  these  pitiful 
malformations  of  human  beings.  We 
know,  less  certainly,  that  the  supra- 
renals,  the  pineal,  the  interstitials  and 
the  thymus  also  play  their  parts.  But 
to  date  we  have  not  been  able  to  deter- 
mine the  precise  nature  of  their  influ- 
ence  or   of   the   disturbances   to   which 


they  are  liable.  .Still  worse,  in  cases 
where  we  have  been  able  to  guess  at 
the  involvement  of  these  other  endo- 
crines,  we  have  been  unable  to  treat 
the  condition  effectively.  The  task 
which  confronts  us,  therefore,  is  to  ex- 
plore both  the  nature  of  the  disorders 
due  to  the  derangement  of  other 
glands,  and  the  manner  of  administer- 
ing the  missing  hormone  substances. 
As  yet  we  can  do  the  latter  with  full 
success  only  in  thyroid  cases. 

It  seems  to  me  that  our  total  ener- 
gies ought  to  be  brought  to  this  work 
of  research,  in  the  laboratory  and  in 
the  clinic.  We  must  lay  less  stress 
upon  devising  mentality  tests  and  the 
like,  which  deal  merely  with  the  svmp- 
tomatology  of  the  subject;  and  we 
must  dev(jte  ourselves  whole-heartedly 
to  the  quest  after  the  etiology  of  these 
terrible  and  grotesque  afflictions.  Such 
tests  are  of  unquestioned  value  in  the 
diagnosis  and  classification  of  mental 
abnormalities,  but  to  look  to  them  for 
light  upon  the  prevention  and  treatment 
of  these  conditions  would  be  to  place 
ourselves  in  the  position  of  general 
medicine  in  the  middle  of  the  last  cen- 
tury when  symptoms,  instead  of 
causes,  were  being  treated — and  with 
what  lamentable  results !  It  is  obvious 
that  no  amount  of  education  of  func- 
tion can  remedy  ills  dependent  upon 
malformation  of  the  essential  machin- 
ery of  the  human  mind ;  neither  can  it 
supply  any  of  the  missing  chemicals 
which  furnish  the  necessary  food  for 
this  machinery. 

The  way  lies  straight,  it  seems  to  me. 
We  know  the  general  causes  of  most 
defectiveness  and  malformity.  Our 
duty  is  to  search  out  the  specific  causes 
for  each  form  known  to  medicine. 
Once  this  etiology  is  in  hand  it  will  be 
but  a  step  to  devise  practical  methods 
of  operation. 


SOME   OF   THE    TOOLS   USED    IN   "SLOT   GRAFTING" 

Figure  6.  The  most  important  is  the  '"Mcrrybotik  Melter,"  an  ordinary  railroad  lantern 
with  a  deep  cup  fitted  into  its  top  for  holdinR  melted  parafine.  and  an  alcohol  lamp  in 
place  of  the  kerosene  hnrner  of  the  lantern.  Chisels,  brads,  and  stout  knife  are  the  other 
requisites.     (Photographs   for   I'ipures  fi-11   by    Robert   Cook  and  the   author). 


A  NEW  METHOD  OF  GRAFTING 

Modification  of  the  Morris  Proximal  Slot-Graft   Successful  With 

Plants  Not  Heretofore  Grafted — Method  of  Value 

To  Plant  Breeders 

T.  Ralph  Robinson 
Bureau  of  Plant  Industry,  IVashington,  D.  C. 


THE  experimenter  with  woody 
plants  is  confronted  with  the 
problem  of  propagating  the  su- 
perior varieties  that  he  produces.  Any 
improvements  of  existing  methods  of 
budding  or  grafting  should  therefore 
be  of  direct  interest  and  importance  to 
plant  geneticists,  as  well  as  to  plant 
lovers  and  horiculturists,  both  ama- 
teur and  professional. 

A  method  that  has  a  number  of  ad- 
vantages over  those  generally  used  has 
been  developed  recently.  It  would  ap- 
pear to  have  a  wide  application,  and  it 
is  hoped  that  the  brief  description 
which  follows  may  lead  to  further  ex- 
perimentation and   improvements. 

Dr.  Robert  T.  Morris,  in  his  book  on 
"Nut  Growing."  describes  a  method  he 
has  used  with  consideral)le  success  in 
grafting  nut-bearing  trees.  He  calls  it 
the  "proximal  slot-graft."  Besides  the 
technique  involved  in  the  method  of 
inserting  the  graft,  a  vital  part  of  the 
process  is  the  use  of  melted  paraffin  as 
a  covering  instead  of  the  usual  grafting 
wax.  Dr.  Morris  also  lays  considera- 
ble emphasis  on  some  ingenious  nieth- 
ods  of  wrapping,  when  working  with 
nut  trees. 

The  Morris  method  in  its  main  fea- 
tures has  been  tried  out  during  the  past 
year  in  Florida  on  subtrophical  fruit 
trees,  chiefly  citrus,  avocados,  and 
mangos.  Mr.  James  W.  Barney,  of 
Palma  Sola.  Florida,  was  the  first  to 
demonstrate  the  success  of  grafting 
with  the  aid  of  paraffin,  using  the  slot- 
graft  method.  He  modified  Dr.  Morris' 
procedure,  however,  and  simplified  the 
technique  very  materially  by  doing 
away    with    all    wrappings,    substituting 


for  them  a  fine  brad  driven  thr(jugh 
the  graft  into  the  wood  of  the  tree. 
Besides  insuring  a  close  contact  not 
easily  disturbed,  it  permits  the  paraffin 
covering  to  be  applied  in  the  most 
thorough  and  effective  manner — a 
somewhat  more  difficult  operation  when 
a  complicated  wrapping  is  used. 

At  the  April  (1923)  meeting  of  the 
Florida  State  Horticultural  Society,  at 
Orlando,  Mr.  Barney  gave  an  account 
of  his  preliminary  experiments.  Since 
then  others  have  been  using  this  meth- 
od with  similar  results.  The  writer  has 
been  in  touch  with  Mr.  Barney's  work 
and  has  had  sufficient  experience  in  the 
use  of  the  method  to  feel  sure  it  can 
be  used  to  advantage  in  working  over 
many  kinds  of  fruit  trees.  Mr.  Barney 
has  even  succeded  in  grafting  guavas, 
which  is  usually  regarded  a?  impossible. 

The  accompanying  photographs  are 
designed  to  show  only  the  main  steps 
in  the  process  of  inserting  the  "proxi- 
mal slot-graft."  some  of  the  more  ob- 
vious operations  not  being  shown. 

First,  a  cut  is  made  with  a  chisel  or 
gouge  downward  and  penetrating  slight- 
ly through  the  bark  into  the  wood 
of  the  stock.  A  transverse  cut  is 
then  made  at  the  base  of  the  first  cut, 
providing  a  shallow  niche,  with  a  slight 
shelf  at  the  bottom  (Figure  7).  The 
exposed  surface  is  immediately  painted 
over  with  melted  paraffin,  just  warm 
enough  to  stay  in  a  liquid  condition. 
The  paraffin  brush  should  first  be  tried 
on  the  hand ;  if  it  proves  hot  enough 
to  burn,  it  should  be  cooled  ofi'  before 
using.  The  graft  should  then  be  pre- 
pared by  tapering  to  a  wedge  shape, 
one  side  of  the  wedge  longer  than  the 
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MARKING  AND   CUTTING   THE  "SLOT" 

Figures  7  and  8.  A  notch  is  cut  in  the  stock  so  that  the  shelf  at  its  base  is  at  the 
point  selected  to  insert  the  graft.  The  exposed  surface  is  immediately  coated  with  melted 
paraffin.  Next,  the  cliosen  i)iece  of  graftinjj  wood  is  prepared  by  cutting  its  base  to  a 
wedge-.shape.  The  graft  is  then  u.sed  as  a  guide  in  making  two  parallel  cuts  in  the  bark 
of  the  stock,  downward  from  the  base  of  the  notch  (Figure  7).  The  tongue  of  bark  be- 
tween the  two  cuts  is  then  lifted  carefully  with  a  narrow  chisel,  but  not  removed 
(Figure    8). 


INSERTING  THE  GRAFT 

Figure  9.  The  prepared  graft  is  then  in- 
serted in  Xhe  "slot" — with  the  longer  edge 
of  the  wedge  next  to  the  wood.  When  the 
graft  has  been  forced  gently  but  firmly  into 
place  a  fine  brad  is  driven  through  both  bark 
and   graft    into   the   solid   wood. 


THE    FINISHED    GRAFT 

FiGLRE  10.  After  the  brad  is  in  place 
aH  exposed  surfaces,  and  the  entire  graft 
as  well,  are  carefully  covered  over  with 
melted  paraffin,  which  must  be  fluid,  but 
not  hot  enough  to  injure  the  delicate  cut 
surfaces. 


ENLARGED   VIEW  OF   GRAFT 

FiGLRE  11.  This  shows  the  completed  graft  before  it  has  received  its  coating  of 
paraffin.  If  stock  and  scion  have  been  well  chosen,  and  a  Rood  contact  secured  between 
them,  the  only  other  attention  necessary  is  to  cut  back  the  stock  and  force  the  graft  into 
prowth  after  a  good  union  is  apparent. 
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TWO   EXAMPLES   OF    SUCCESSFUL   SLOT-GRAFTING 

Figure  12.  Dn  the  left  is  shown  a  Chinese  walnut  grafted  on  a  butternut  on  June  20th, 
1923,  the  healthy  shoot  represents  the  growth  made  during  the  remainder  of  the  season.  In 
some  climates  the  use  of  a  brad  to  fasten  the  graft  in  place  has  been  reported  to  be  unsatis- 
factory as  the  iron  rusts  and  becomes  a  center  of  infection.  The  use  of  a  small  copper  or 
brass  nail  has  been  suggested  as  a  remedy   for  this.     Photograph  by   Dr.  G.  A.   Zimmerman. 

(Right) — Mango  grafts  making  rapid  growth  two  months  after  inserting  into  the  main 
branches  of  an  old  mango  tree :  an  example  of  the  successful  application  of  the  slot-graft 
method  by  James  W.  Barney  of  Palma  Sola,  Florida.  The  mass  of  leaves  showing  at  the 
top  of  the  picture  has  all  been  produced  by  the  two-months-old  grafts. 
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other,  but  with  the  sharp  end  of  the 
wedge  about  the  middle  of  the  diameter 
of  the  stick.  The  graft  selected  should 
have  two  or  more  good  buds  above  the 
tapered  portion.  The  cuts  made  should 
be  smooth  and  continuous,  which  re- 
quires a  strong  sharp  knife  and  a 
steady  hand. 

The  next  step  is  to  measure  off  and 
mark  the  width  of  the  graft  on  the 
cross  cut  on  the  small  shelf  just  de- 
scribed. With  a  knife  or  chisel,  two 
vertical  parallel  cuts  are  then  made 
downward  from  the  cross  cut  just  deep 
enough  to  go  through  the  bark,  the 
cuts  being  made  about  as  long  as  the 
tapered  end  of  the  graft.  Care  should 
be  taken  that  these  cuts  are  only  just 
wide  enough  apart  to  allow  the  graft  to 
slip  into  place  (Figure  7). 

The  tongue  of  bark  lying  between 
these  cuts  is  then  gently  lifted  (Figure 
8),  using  a  bone  or  chisel  of  appro- 
priate width. 

The  prepared  graft  is  then  gently 
but  firmly  inserted  in  the  "slot"  thus 
prepared — placing  the  long  cut  of  the 
tapered  end  next  to  the  wood  of  the 
branch  or  trunk  of  the  tree.  When 
])ushcd  down  to  a  good  fit.  the  raised 
tongue  of  bark  is  held  firmly  against 
the  inserted  graft  and  a  fine  brad  (No. 
18  gauge)  is  driven  through  the  bark 
and  graft  into  the  solid  wood.  This 
brad  is  placed  near  the  ui)1um-  end  of 
the  tongue  of  bark  (Figure  11).  Melted 
paraffin  is  then  aj^plied  with  a  fine 
l)rush  so  as  to  cover  all  ex])(»scd  sur- 
faces and  fill  every  crevice,  at  the  same 
time  applying  a  light  coating  over  the 
entire  surface  of  the  graft  itself.  The 
job  is  done.  If  a  good  contact  is 
secured  and  stock  and  scion  are  reason- 
ably well  chosen,  the  only  further  atten- 
tion needed  is  the  cutting  back  or 
girdling  of  the  top  to  force  the  scion 
into  growth  after  a  good  union  is 
apparent. 

When  ants  or  bees  arc  active  the 
paraffin  covering  may  need  renewinu 
before  the  union  is  entirclv  safe.  It 
exposed  to  hot  sunlight,  shading  mn\' 
be  necessary.  I^rads  of  thrcc-f|uarter 
inch  length  are  usuallv  about   right,  al- 


though several  sizes  may  be  carried 
along  for  different  sized  grafts.  The 
new  growth  starting  from  the  graft 
should  be  tied  up  securel\  to  appro- 
priately placed  supports. 

One  accessory  invented  by  Dr. 
]\Iorris  has  made  this  method  really 
practical  for  the  orchardist.  namely,  the 
"Merribook  IMelter."  As  shown  in 
the  photograph  (Figure  6),  this  paraf- 
fin melter  simply  is  a  lantern  with  a 
cup  set  in  the  top  to  hold  the  paraffin. 
An  alcohol  burner  is  used  in  the  ba.se, 
having  a  small  wick  that  can  be  turned 
down  to  mere  point  of  flame,  thus  ren- 
dering it  easy  to  keep  the  paraffin  in  a 
melted  condition,  but  not  too  hot.  The 
lantern  can  be  hung  in  the  branches  of 
a  tree  or  set  on  the  ground  without 
danger  of  u])setting.  Any  of  the  com- 
mon paraffins  used  in  preserving,  as 
"Para  wax,"  "Gulf  wax."  have  a  suffi- 
ciently low  melting  ]X)int  to  be  suitable 
for  covering  grafts.  Paraffin  being 
translucent,  allows  the  chloroi)hyll  in 
the  bark  of  the  graft  to  continue  func- 
tioning and  may  assist  in  bringing 
about  a  promjjt  union  between  stock 
and  scion.  Adding  three  to  five  per 
cent  of  Carnuba  wax  to  the  ])araffin 
causes  it  to  flake  off  when  growth 
starts,  and  prevents  sun  scalding. 

As  in  all  successful  grafting  opera- 
tions, good  workmanship  is  essential, 
but  with  average  care  the  j^araffin 
method  will  give  results  considerably  in 
advance  of  the  older  methods  and  can 
be  learned  by  novices  with  little  diffi- 
culty. 

The  topworking  of  old  fruit  trees 
has  always  offered  somewhat  of  a 
problem,  particularly  as  to  choice  of 
method.  Practically  all  methods,  how- 
ever, involve  severe  cutting  back  as  a 
preliminary  step,  with  resulting  sliock 
and  loss  of  croj)  and  ix)ssible  failure 
of  buds  or  grafts  even  after  such  heroic 
treatment.  Some  method  that  permits 
the  retention  of  the  top  until  after  the 
new  graft  has  taken  and  started 
growth  has  obvious  advantages.  The 
wider  u.se  of  the  metliofl  should  facili- 
tate the  reworking  of  inferior  fruit 
trees  to  better  sorts. 


MENDELIAN  ANALYSIS  OF  THE  PURE 
BREEDS  OF  LIVESTOCK 

II.  The  Duchess  Family  of  Shorthorns  As  Bred  By  Thomas  Bates 

Sew  ALL  Wright 

Bureau  of  Animal  Industry,   United  States  Department  of  Agriculture. 

Washington,  D.   C. 


AX'ARIETY  of  cattle  with  short 
horns  and  red,  roan,  and  white 
as  the  prevalent  colors  had  long 
heen  estahlished  in  parts  of  Durham, 
Yorkshire  and  surrounding  counties 
in  England  and  had  heen  bred  to 
a  fair  degree  of  excellence  by  the 
middle  of  the  eighteenth  century.  They 
have  been  described  from  contemporary 
accounts  as  "generally  wide-backed, 
well-framed  cows,  deep  in  their  fore- 
quarters,  soft  and  mellow  in  their  hair 
and  handling  and  possessing,  with 
average  milking  qualities,  a  remarkable 
disposition  to  fatten.  Their  horns  were 
rather  longer  than  those  of  their 
descendants  of  the  present  day  and  in- 
clining upward.  The  defects  were 
those  of  an  undue  prominence  of  the 
hip  and  shoulder  point,  a  want  of 
length  in  the  hind  quarters,  of  width 
in  the  floor  of  the  chest,  of  fullness 
generally  before  and  behind  the  shoul- 
ders, as  well  as  of  flesh  upon  the 
shoulder  itself.  They  had  a  somewhat 
disproportionate  abdomen,  were  too 
long  in  the  legs  and  showed  a  want  of 
substance,  indicative  of  delicacy,  in  the 
hide.  They  failed  also  in  the  essential 
requisite  of  taking  on  their  flesh  evenly 
and  firmly  over  the  whole  frame, 
which  frequently  gave  them  an  unlevel 
appearance.  There  was,  moreover,  a 
general  want  of  compactness  in  their 
conformation."  This  foundation  stock 
was  thus  decidedly  open  to  impro\e- 
mcnt.  In  fact.  Robert  Hakewell  of 
Dishley,  whose  leadership  in  the  im- 
provement of  cattle  and  sheep  we  have 


already  mentioned'*  is  said  to  have  kept 
a  few  of  the  old  sort  merely  to  set  ofif 
his  improved   Longhorns. 

The  foundations  for  the  improve- 
ment of  the  Shorthorns  were  laid  by 
Charles  Colling  of  Ketton  farm,  who 
made  a  prolonged  study  of  Bakewell's 
methods  at  Dishley  in  1783.  In  the 
following  year  he  bought,  among  other 
cattle,  a  massive,  short-legged,  wide- 
backed  cow  named  Duchess,  who  be- 
came the  progenitress  of  the  family 
.which  we  are  to  study.  Meanwhile 
Robert  Colling,  a  brother  of  Charles, 
purchased  the  bull  Hubback,  who  came 
to  be  considered  the  best  Shorthorn  bull 
of  the  time.  One  of  his  grandsons 
was  the  noted  bull  Foljambe.  Charles 
Colling  seems  to  have  been  sufficiently 
impressed  with  the  merit  of  the  pro- 
duce of  Foljambe  to  begin  eft'orts  at 
fixing  their  qualities  by  inbreeding.  A 
daughter.  Phoenix,  was  bred  to  a  son, 
Bolingbroke,  and  produced  (in  1793) 
the  bull  Favourite,  whose  pedigree  we 
have  already  considered.  Favourite 
was  inbred  to  a  very  appreciable  ex- 
tent (F  =  19.2  per  cent),  not  only 
through  Foljambe  but  through  his 
granddams,  one  of  which  was  the  dam 
of  the  other.  He  is  described  as  "a 
large  massive  bull  of  good  constitution 
with  a  fine  bold  eye.  remarkably  good 
loins  and  long  level  hind  quarters." 
Mr.  Colling  was  so  satisfied  with 
Favourite  that  he  began  breeding  him 
to  his  daughters  and  granddaughters, 
in  some  cases  even  for  five  or  six 
generations.     Through  the  demand  for 


♦For  numbered  references  see  "Literature  Cited"   at  end  of  article. 
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DUKE    OF    NORTHUMBERLAND 

Figure  13.  Bates  is  considered  to  have  won  his  greatest  triumph  as  a  breeder 
in  producing  the  Duke  of  Northumberland  (1940)  from  a  mating  of  Duchess  34th 
with  her  own  sire,  Bclvidere.*  Duke  of  Northumberland  won  first  prize  at  the 
Oxford  Royal  Show  of  1839  and  was  generally  conceded  to  be  the  best  bull  in  Eng- 
land in  his  time.  Without  taking  the  old  lithographs  too  seriously,  we  may  infer 
from  them  that  Bates  was  aiming  at  a  compact  build,  smoothness,  and  great  fine- 
ness of  bone,  and  that  he  came  near  achfeving  his  ideal  in  Duke  of  Northumberland. 


"Correct    spelliiiR    Belvedere.      Error    in    spelliiij;    this    name    notid    just    before    goinj;    to    press,    ami    too 
late   to  change. 


A  PRESENT  DAY  SHORTHORN   CHAMPION 

Figure  14.  A  comparison  between  the  photograph  of  this  bull  and  the  litho- 
graphs of  the  Bates'  cattle  brings  out  the  greater  ruggedncss  of  type  that  has  come 
into  favor,  even  after  due  allowance  is  made  for  the  obvious  exaggeration  of  the 
old  illustrations. 


Wrii^ht :  Bales'  Duchess  Cattle 
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l)ulls  of  Colling's  improved  stock,  his 
l;lo()d  undoubtedly  became  more  widely 
distributed  in  tbe  developing  breed 
than  tbat  of  any  other  one  animal. 
Darwin'  cites  his  case  as  an  illustration 
of  prepotency.  As  we  shall  see,  P>ates 
maintained  a  coefficient  of  relationship 
to  Favourite  'of  about  60  per  cent  in 
his  Duchess  family  for  forty  years 
after  Favourite's  death   (in  1809). 

At  the  dispersion  sale  of  Charles 
Colling's  herd,  in  1810,  forty-seven 
head,  all  by  Favourite  or  his  son  Comet 
or  their  get,  sold  for  £7,115,  an  un- 
precedented amount.  The  record  price, 
1,000  guineas,  was  paid  for  Comet,  a 
son  of  Favourite,  dam  by  Favourite 
and  out  of  Favourite's  dam.  This  re- 
markably inbred  animal  (F  =^  47.1 
per  cent)  was  declared  by  Mr.  Colling 
to  be  the  best  bull  he  ever  bred  or 
saw.  For  years  after,  it  seems  to  have 
been  the  general  opinion  that  no  Short- 
horn bull  had  ever  been  quite  the  equal 
of  Comet.  Mr.  Colling's  stock  are 
described  by  a  contemporary,  as  of 
great  size  and  substance,  fine  long  hind 
quarters,  space  from  hip  to  rib  long 
and  counteracted  by  a  broad  back  and 
high  round  ribs. 

The  Duchesses 

One  of  the  bidders  at  this  dispersion 
sale  was  a  young  breeder,  Thomas 
Bates,  who  had  made  a  careful  study 
of  cattle  pedigrees.  He  purchased  a 
rather  "shabby"  cow  called  Young 
Duchess,  largely,  it  appears,  on  the 
strength  of  her  pedigree,  her  to])  sires 
being  Comet,  Favourite,  Daisy  Bull  (a 
son  of  Favourite),  Favourite  again, 
and  Hul)])ack.  She  was  a  descendent 
in  the  straight  female  line  of  the  cow 
Duchess  purchased  by  Charles  Colling 
in  1784.  Following  the  custom  of 
naming  families  by  the  female  line, 
Bates  developed  a  Duchess  family 
from  this  cow,  which  he  renamed 
Duchess  I.  Up  to  the  time  of  his 
death  Vi  1849  he  had  bred  sixty-three 
cows  ;n  the  family  which  he  named 
Duch«ss  2  to  Duchess  64.  Two  other 
feliales  are  recorded  as  having  died. 
Fortv-five      males      are      recorded      as 


dropped  by  Duchess  cows,  twenty-nine 
of  which  were  named.  The  family 
was  not  a  prolific  one.  They  won," 
however,  an  extraordinary  reputation. 
The  Duchess  bull,  Duke  of  Northum- 
l)erland,  which  won  first  at  the  Oxford 
Royal  Show  of  18.39,  was  conceded 
to  be  the  best  bull  in  England  in  his 
time.  Bates  had  other  notable  suc- 
cesses in  the  show  yard  although  an 
opponent  of  the  system  of  specially 
fitting  for  the  shows. 

This  reputation  extended  to  America 
and  Bates-bred  cattle,  especially  bulls 
of  the  Duchess  family,  played  a  notable 
part  in  the  improvement  of  American 
Shorthorns. 

After  Bates'  death,  a  line  of  Duch- 
esses was  maintained  without  outcross- 
ing. These  became  the  aristocrats  of 
the  cattle  world.  The  family  had  never 
been  a  prolific  one  and  became  increas- 
ingly difficult  to  maintain  as  a  pure 
strain.  This,  however,  does  not  seem 
to  have  been  held  as  a  detriment  but 
rather  the  reverse,  since  it  resulted  in 
enhanced  values  due  to  scarcity.  The 
climax  came  in  a  sale  at  New  York 
^lills.  near  Utica.  N.  Y.,  in  1873.  The 
"pure"  line  of  Duchesses  had  become 
extinct  in  England  and  all  in  America 
had  come  into  the  hands  of  one  man. 
The  sale  at  New  York  Mills  developed 
into  an  international  competition  for 
the  "pure"  Duchesses.  One  cow  sold 
for  $40,600.  The  average  of  the  eleven 
Duchess  cows  was  $21,705,  that  for 
three  bulls  was  $7,866. 

While  these  prices  were  largely 
speculative  and  the  real  merit  of  the 
family  was  falling  ofif,  in  the  hands  of 
the  speculators  as  the  prices  mounted 
higher,  the  fact  remains  that  as  bred 
by  Bates,  the  Duchess  cattle  were  a 
most  notable  achievement  of  breeding 
skill.  Through  crosses  with  other  lines 
they  have  had  a  conspicuous  part  in 
the  improvement  of  the  Shorthorn 
breed. 

Description  of  Tables 

The  sixty-three  Duchesses  bred  by 
Bates,  and  their  ancestors  in  the  straight 
female  line  are  listed  in  Table  II  with 
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HobbaJx    5.; 

"/6/1 


FavouTi  t(?  15"2. 
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Ann  6olfi/r»e 

\ 
PriftCi-'ii    (above 

THE  PEDIGREE  OF  BELVIDERE 

Figure  15.  The  purchase  of  Bclvidcrc  (ITOti)  from  Mr.  Stevenson  is  considered  to 
mark  the  turning  point  in  Bates'  career.  Note  that  Belvidere's  sire  and  dam  were  full 
brother  and  sister,  making  possible  condensation  of  the  pedigree  as  indicated. 


their  date  of  hirth  and  the  dam  and 
sire  of  each.  The  coefficient  of  in- 
breeding has  been  calculated  as  de- 
scrilied".  for  all  of  these  animals  and  is 
given  in  the  next  three  columns.  Tbe 
relationship  of  the  sires  and  dams  of 
tbe  Duchesses  is  given  in  the  ne.xt 
colmnn.  b'inally  it  is  of  interest  to 
find  how  far  there  was  relationship  to 
r'avourite.  the  bull  to  which  the  greater 
part  of  the  inbreeding  is  due.  The 
last  three  columns  are  devoted  to  this 
purpose,  dealing  with  the  individtial 
and  her  sire  and  dam  respectively. 

.Ml  |)cdigrees  have  been  traced  to  tbe 
beginning  of  the  Coates'  herd  books  in 
making  these  calculations.  They  natur- 
ally become  very  complex  after  a  few 
generations.  The  labor  in  calculating 
the  coefficients  is  not  so  great  as  might 
be  imagined,  however,  since  the  calcu- 


lation of  the  contribution  tn  inbreeding 
or    reiationshij)    made    by    two    animals 
on  opposite  sides  of  a  ])edigree  can  be 
used    in    all    other    i)edigrees    in    which 
these  same  animals  appear  on  opposite 
sides.      In    the    course    of    the    work    a 
list  was  made  of  the  contributions  due 
to    the    various    ini'*'"'*^'^*^    «Jrpc    with 
each  other  and   wit  . 
tant  cows.     The  pau'  . 
is  given  in  Table  I.     li  v 
that    all    but    four     >f    tt. 
of   them   were    froir, 
earlier   in   the   list   r 
tbcm   were    from    Di 
pedigrees   can   be   i^r 
l)y   reference   to   the 
I)edigrees  of  Favour 
Relvidere.       Gambiei 
(  I'igures  lo-lS). 


Wright:  Bates'  Duchess  Cattle 
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Relationship    of    Sires  and   Dams 

The  results  are  summed  up  in  Table 
HI    l)v   generations   and   are   presented 
graphically  in   Figures   31,   24  and   25. 
Duchess  59  and  62  were  eight  genera- 
tions from  Duchess  I,  and  thirteen  gen- 
erations    from     the     original     Duchess 
purchased  by  Charles   Colling  in    1784. 
The    coefficients    of    relationship    be- 
tween sire  and  dam  are  given  in  Figure 
21.    For  three  generations  there  was  lit- 
tle or  no  relationship.    For  Duchess  by 
Daisy  Bull   in  the   next   generation   the 
coefficient  rises  to  39  per  cent,  both  sire 
and  dam  having  been  progeny  of  Fav- 
ourite.     The    parents    of    Duchess    by 
Favourite  and  Duchess   I    (by  Comet) 
in  the  next  two   generations   show   co- 
efficients of  53  per  cent  and  59  per  cent 
respectively.      These    figures   are   to   be 
compared    with    coefficients    of    50    per 
cent  between  ordinary  brothers  and  sis- 
ters or  between  parent  and  offspring  in 
a   random-bred   stock.     They   measure 
the  actual  correlation  in  appearance  in 
characters  which  are  wholly  determined 
bv  nondominant  genetic   factors.     They 
are    doubtless    about    what    the    reader 
would  expect  from  a  cursory  examina- 
tion of  the  pedigrees. 

It  is  not  so  obvious,  however,  what 
the  correlations  in  later  generations 
should  be.  The  general  opinion  has 
been  that  Bates  began  his  career  with 
very  intensive  inbreeding  and  on  en- 
countering deterioration  was  obliged  to 
make  outcrosses.  Darwin'  states,  "For 
thirteen  years  he  bred  most  closely  in- 
and-in ;  but  during  the  next  seventeen 
years,  although  he  had  the  most  ex- 
alted notion  of  his  own  stock,  he  thrice 
infused  fresh  blood  into  his  herd;  it 
is  said  that  he  did  this  not  to  improve 
the  form  of  the  animals,  but  on  ac- 
count of  their  lessened   fertility." 

The  calculation  of  the  actual  rela- 
tionshi])s  of  the  sires  and  dams,  how- 
ever, shows  no  such  history.  The  sire 
and  dam  of  Bates'  purchase.  Duchess 
I.  were  correlated  about  0.59  ( /?  =  59 
per  cent)  on  account  of  relationship. 
During  the  eight  generations  bred  by 
Bates,    he    practically    maintained    the 


same  level  of  relationship,  the  coeffi- 
cients fluctuating  about  60  per  cent. 
The  parents  of  the  ten  cows  of  the 
second  generation  after  Duchess  1 
were  correlated  0.07,  the  high  point, 
while  the  parents  of  the  nine  cows  of 
the  fifth  generation  were  correlated 
only  0.52  at  the  other  extreme.  The 
average  for  the  next  generation,  how- 
ever, was  0.64  and  the  eighth  genera- 
tion averaged  0.63.  Turning  to  indi- 
viduals, the  high  point  was  reached  in 
the  mating  which  produced  Duchess 
•i\,  where  the  coefficient  is  87  i)er  cent. 
The  low  point  was  reached  in  Duchess 
41,  where  it  was  42  per  cent. 

The  purchase  of  the  "Princess"  bull 
Belvidere  is  generally  given  as  the 
turning  point  in  Bates'  career,  the 
point  at  which  he  found  it  necessary 
to  introduce  fresh  blood  and  the  point 
with  which  his  greatest  success  began. 
It  is  true  that  Belvidere  had  no  Duch- 
ess blood.  He  was,  however,  rich  in 
the  blood  of  Favourite  as  may  be  seen 
from  his  pedigree  (Figure  15).  His 
relationship  with  Favourite  was  about 
65  per  cent.  In  fact  his  relationship 
with  Duchess  19  and  with  Duchess  29. 
the  cows  of  the  Duchess  family  with 
which  he  was  first  mated,  were  as 
high  as  45  per  cent  and  47  per  cent  re- 
spectively. 

Previous  to  the  use  of  Belvidere. 
outside  blood  was  introduced  through 
2nd  Hubback.  However,  while  Red 
Rose  I,  his  dam,  had  no  Duchess  blood, 
she  was  closely  related  genetically  (see 
pedigree.  Figure  16).  ^Moreover  the 
sire  of  2nd  Hubback  was  the  Duchess 
bull.  The  Earl.  Second  Plubback 
should  have  shown  a  correlation  of 
about  .65  with  Favourite  as  far  as  all 
purely  hereditary  characters  were  con- 
cerned and  correlations  .49  and  .62 
with  the  first  Duchesses  with  which 
he  was  mated. 

Fresh  blood  was  introduced  later 
through  the  bulls  Gaml)ier  and  Norfolk, 
bred  by  Jonas  \\'hitaker,  which  were 
without  Duchess  l)lood  on  either  side  of 
their  pedigrees  (Figures  17  and  18). 
Nevertheless  both  of  these  bulls  were 
closely    related    to    Favourite    (65    per 
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THE  PEDIGREE  OF  2ND   HUBBACK 

Figure  16.  Second  Hubback  (1423)  was  one  of  the  bulls  used  by  Bates  to  keep  the 
degree  of  inbreeding  in  his  Duchess  herd  from  rising  too  high.  The  pedigree  of  2nd  Hub- 
back's  sire  is  given  in  Table  I  and  is  not  repeated  here. 
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PEDIGREE    OF    NORFOLK 

Figure  17.  The  bull  Norfolk  (2377),  bred  by  Mr.  Whitaker,  had  no  Duchess  blood,  but 
was  closely  related  to  Favourite,  as  the  pedigree  shows.  The  pedigree  of  the  sire,  2nd  Hub- 
back,  is  given  above,  and  in  Table  I  and  hence  is  not  repeated. 
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PEDIGREE    OF    GAMBIER 

FiGLRE  18  The  bull  Gambier  (2046)  was  bred  by  Jonas  Whitaker.  The  numerous 
lines  tracing  to  Favourite  (252)  and  Comet  (155),  the  son  of  Favourite,  are  shown.  There 
are  however,  other  lines  earlv  in  the  pedigree  which  trace  to  the  bulls,  Foljambe  Dalton 
Duke  Hubback  Ben,  and  Punch,  and  to  the  cow  Phoenix  (Dam  ot  Favourite),  which  are 
not  shown  to  avoid  undue  complexity,  but  are  taken  account  of  in  calculating  coefficients  ot 
inbreeding   and   relationship. 

cent  and  55  per  cent  respectively),  and  Lads,  sired  by  the  Duchess  bull.  Short- 
both  were  genetically  almost  as  closelv  tail,  and  through  her  grandson,  2nd 
related  to  the  Duchess  with  which  Duke  of  Oxford,  with  two  Duchess 
thev  were  mated  as  ordinary  full  top  crosses,  the  result  was  merely  that 
brothers  and  sisters  (47  per  cent  and  Bates  kept  the  degree  of  mbreeding 
49  per  cent).  fi'om  rising  above  its  previous  level  by 
The  most  important  "outcrosses"  in  introducing  this  dash  of  outside  blood, 
the  later  years  were  those  with  the  We  must  conclude  that  Bates  simply 
descendants  of  the  Matchem  Cow.  maintained  from  the  beginning  to  the 
The  latter  was  not  closelv  related  to  end  of  his  breeding  career  a  certain 
the  Duchesses  or  even  to  Favourite  average  degree  of  relationship  lietween 
(R  =  22  per  cent),  but  as  her  blood  the  animals  he  mated  (about  60  per 
was  introduced  into  the  Duchess  line  cent),  a  degree  distinctly  higher  than 
only   through   her   sons,   the    Cleveland  that  between   an   ordinary   brother   and 


412 


'ilie  lournal  nf  Heredit\- 


BELVIDERE 

FiGLRE  19.  Bates'  greatest  success  began  with  the  use  of  the  "Princess"  bull. 
Belvidcre  (1706),  which,  although  lacking  in  Duchess  blood,  was  closely  inbred  to 
the  foundation  sire.  Favourite,  and  through  the  latter  was  as  closely  related  to  the 
Duchess  cows  as  an  ordinary   full  brother. 


OLD    iikOKEN-LEG 

Figure  20.  Daughter  of  Belvidcre  and  dam  of  Duke  of  Northumberland.  (  )1<1 
Broken  Leg  (Duchess  .Mth)  was  one  of  Bates'  most  famous  Duchesses.  Her  merits 
as  an  individual  were  established  by  her  notable  victory  over  John  Booth's  cow, 
Necklace,  at  the  ^'ork   show  in   1842. 


Wri<>iit  :   r.atcs'  Duclicss  Caltlc 
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RELATIONSHIP  BETWEEN  SIRES  AND  DAMS  OF  THE   DUCHESSES 

Figure  21  The  degrees  of  relationship  between  the  sires  and  dams  of  the  eight  genera- 
tions of  Duchesses  bred  by  Thomas  Bates  and  six  earlier  generations  in  the  straight  female 
line  The  coefficients  of  relationship  are  theoretically  equal  to  the  coefficients  of  correlation 
with  respect  to  characters  which  are  wholly   hereditary  and   lacking   in  dominance. 


sister.  He  constantly  introduced  fresh 
blood  but  only  to  such  an  extent  as  to 
prevent  the  relationship  from  rising 
above  this  level. 

The    Degree   of   Inbreeding    Used 
by  Bates 

The  coefficients  of  inlireeding  of  the 
thirteen  generations  of  Duchesses  are 
shown  in  the  solid  line  in  Figure 
24.  That  of  their  dams  (also,  of 
course,  l^uchesses.  but  in  a  differ- 
ent order)  and  of  their  sires  are 
given  in  dotted  and  broken  lines 
res])ectively.  The  striking  feature  of 
this  diagram  is  the  similarity  of  the 
three  lines  \t  a  constant  level  of  about 
40  jier  cent  beginnin;r  with  Duchess  I. 
Duchess  by  Daisy  Bull,  two  genera- 
tions earlier,  is  the  first  Duchess  which 


shows  an  appreciable  amount  of  in- 
breeding (20  per  cent).  Duchess  by 
Favourite  in  the  next  generation  rises 
to  32  i^er  cent.  Duchess  I.  bred  by 
Colling  and  purchased  by  Bates,  rises 
to  41  per  cent.  From  this  point  on  no 
generation  rises  above  47  per  cent  or 
falls  below  3G  per  cent.  The  coefficient 
for  the  last  generation.  43  per  cent,  is 
l^ractically  the  same  as  that  for  Duch- 
ess 1  and  for  the  average  of  the  first 
two  generations  which  Bates  himself 
bred.  This  level  of  inbreeding  is  ap- 
proxmiatelv  equivalent  to  two  genera- 
tions of  straight  brother-sister  mating, 
something  over  four  generations  of 
IHire  breeding  within  a  herd  (half 
brother-sister  mating)  and  six  genera- 
tions of  double  first-cousin  mating.  In 
maintaining  it.  Bates  used  bulls,  wheth- 
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COMET 

Figure  22.  The  bull  Comet  (155),  bred  by  Charles  Colling,  was  one  of  the 
most  important  foundation  sires  of  the  Shorthorn  breed.  He  was  the  sire  of  Bates' 
Duchess  I.  In  spite  of  his  close  inbreeding,  47.1  per  cent,  he  was  a  remarkably 
vigorous  animal  and  considered  the  best  bull  of  his  time.  At  Charles  Colling's 
dispersion  sale  he  sold   for  the   record   price  of    1,000   guineas. 


NORFOLK 

Figure  23.  Norfolk  (2377).  bred  by  James  Whitakcr,  was  one  of  the  bulls 
used  by  Bates  to  introduce  a  dash  of  fresh  blood  into  his  herd.  Many  of  the  later 
day  Duchesses  descended  from  him.  Like  the  other  bulls  used  by  Bates  for  this 
purpose,  he  was  closely  related  to  the  Duchesses  genetically  through  his  descent  in 
many  lines  from  Favourite.  Bates'  so-called  "outcrosses"  merely  kept  the  degree 
of  inbreeding  from  rising  above  the  level— alxiut  40  per  cent — with  which  he  started. 


Wright:  Bates'  Duchess  Cattle 
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DEGREE   OF   INBREEDING   OF   THE   DUCHESSES 

Figure  24.  The  degrees  of  inbreeding  of  the  Duchesses  (solid  line),  of  their  sires 
(broken  line),  and  dams  (dotted  line).  The  original  Duchess  was  purchased  by  Charles 
Colling  in  1784.  Duchess  I,  five  generations  later,  was  purchased  from  Colling  by  Bates, 
who  bred  eight  generations,  including  sixty-three  cows,  before  his  death  in  1849.  The 
coefficient  of  inbreeding  measures  the  approach  toward  complete  homozygosis.  The 
coefficient  of  40  per  cent  maintained  by  Bates  means  40  per  cent  less  heterozygosis  than 
was   present  in  the   foundation   stock. 


er  of  his  own  or  other  breeding,  which 
were  inbred  to  substantially  the  same 
extent,  40  per  cent,  as  the  cows  and 
related  to  them  as  we  have  seen,  about 
60  per  cent.  With  regard  to  factors 
in  which  the  original  Shorthorns  were 
only  50  per  cent  homozygous,  the  sires 
used  by  Bates  and  his  whole  Duchess 
family  were  about  70  per  cent  homo- 
zygous from  the  automatic  efifect  of 
inbreeding  alone. 

Rielationship  to  Favourite 

Finally  it  is  interesting  to  see  how 
far  Bates  maintained  relationship  to 
the  bull.  Favourite,  about  which  as  we 
have    seen   the    CoUings   centered    their 


efiforts  at  the  improvement  of  Short- 
horns. Figure  25  shows  the  coefficients 
for  the  generations  of  Duchesses  in 
the  solid  line  and  those  for  their  dams 
and  sires  in  dotted  and  Ijroken  lines 
respectively.  Favourite  himself  a])- 
pears  as  a  sire  of  two  of  the  early 
Duchesses  bred  by  Colling.  Bates' 
Duchess  I  shows  a  relationship  of  76 
per  cent.  During  the  following  genera- 
tions bred  by  Bates,  the  relationship 
slowly  falls  from  69  per  cent  to  about 
57  per  cent.  It  is  noteworthy  that  the 
sires,  the  majority  of  which  were  bred 
bv  others,  show  practically  the  same 
coefficients  as  the  Bates-bred  cows  with 
which   thev  were  bred. 
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While  these  lines  show  a  gradual  de- 
cline, it  is  a  surprising  result  to  find 
that  Bates  maintained  a  strain  for 
forty  years  after  the  death  of  Favour- 
ite in  which  there  was  a  distinctly 
closer  relationship  to  the  latter  and 
hence  presumably  a  closer  resemblance 
than  between  an  ordinary  i)arent  and 
offspring. 

The  Significance  of  Bates'  Methods 

Bates'  own  view  of  inbreeding  is 
contained  in  a  statement  handed  on 
l^y  Darwin^  "to  breed  in  and  in  from 
a  bad  stock  was  ruin  and  devastation 
yet  that  the  practice  may  be  safely  fol- 
lowed within  certain  limits  when  the 
])arents  so  related  are  descended  from 
first-rate  animals." 

The  striking  feature  of  his  actual 
])ractices  as  brought  out  by  the  above 
diagrams  is  their  uniformity  through- 
out his  whole  career.  He  did  not  in- 
breed  at  the  closest  possible  rate  for  a 
few  generations  and  then  make  violent 
outcrosses.  Neither  did  he  concentrate 
the  blood  of  one  bull  for  a  few  genera- 
tions and  then  turn  to  a  wholly  differ- 
ent line.  Whatever  the  basis  in  his 
own  mind,  he  actually  pursued  a  steady 
policy — maintaining  a  relationshi])  of 
nearly  60  per  cent  l)etween  the  animals 
he  mated,  maintaining  a  coefficient  of 
inbreeding  of  something  over  40  per 
cent  and  maintaining  a  relationship  to 
the  foundation  bull.  Favourite,  falling 
only  slowly  from  7G  per  cent  to  57 
per  cent  in  eight  generations.  While 
our  figures  do  not  bring  it  out.  it  is 
well  known  that  he  also  steadily  se- 
lected for  a  certain  type.  The  uniform 
degree  of  inbreeding  was  doubtless  a 
somewhat  unconscious  result  of  a  bal- 
ancing between  his  desire  to  inbreed  to 
maintain  his  tyj^e  and  his  constant 
watchfulness  over  the  characteristics 
of  his  animals,  leading  to  i)rompt 
recognition  of  the  need  for  a  dash  of 
fresh  blood. 

Through  this  system  he  must  have 
been  al)le  to  maintain  without  effort  a 
close  resemblance  to  I\ivourite  in  num- 
erous features  of  quality  and  confor- 
mation.      The    fixation     of     characters 


(40  per  cent),  was  not  so  great,  how- 
ever, but  that  there  was  variation  and 
room  for  constant  selection  in  which 
he  could  strengthen  those  features  of 
the  Ketton  stock  which  he  favored  and 
get  rid  of  those  which  he  disliked. 
That  he  was  able  to  mold  the  con- 
formation into  a  distinctive  type  is  the 
universal  testimony  of  his  contempor- 
aries. One  of  these  speaks  of  seeing 
his  herd  driven  across  country  from 
Ridley  Hall  to  Kirklevington  in  IS.'iO. 
being  "50  cows  and  heifers  l)y  2nd 
Hubback,  all  as  alike  as  beans  and 
leaving  a  great  impression  wherever 
they  passed."  The  Booths  also  found- 
ed their  herds  on  Ketton  stock  and 
their  animals  would  probably  show  re- 
lationship to  Favourite  of  the  order 
of  those  shown  by  the  Duchesses.  In- 
deed calculation  would  probably  indi- 
cate a  fairly  close  relationship  between 
the  Bates  and  Booth  herds.  Yet  Bates 
and  Booth  types  were  recognized  a> 
distinctly  different.  This  dift'erence 
must  have  been  due  largely  to  selection. 
Livestock  breeders  like  to  compare 
their  work  to  that  of  one  who  molds 
figures  in  clay,  as  suggested  above.  The 
successful  breeder  is  often  spoken  of 
as  molding  the  conformation  of  his  ani- 
mals to  the  ideal  tyjje  which  he  has  in 
mind.  If  clay  is  to  be  worked  into 
shai^e  it  must  have  just  the  right  plas- 
ticity. Similarly  with  livestock.  If 
Bates  had  not  maintained  clo.se  rela- 
tionship between  the  animals  which 
he  mated,  the  relatively  high  degree  of 
inbreeding,  and  close  relationshi])  to  one 
animal  (  l^'avourite)  his  material  would 
])robably  have  been  too  ])lastic.  The 
simultaneous  variation  in  all  characters 
would  have  been  more  than  he  could 
have  contended  with.  If  on  the  other 
hand  he  had  bred  wholly  within  his 
herd  and  between  full  brother  and  sis- 
ter as  far  as  possible,  his  material 
would  soon  not  have  l>een  ])lastic 
enough  to  mold  into  sha|)e.  Undesira- 
ble characters,  moreover,  would  almost 
certainly  have  become  ineradicably 
fi.xed.  As  it  was,  a  low  level  of  fer- 
tility seems  to  ha\e  l)ecome  fixed  and 
to  have  doomed  the  efforts  to  maintain 
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RELATIONSHIP  OF  THE  DUCHESS  COWS  TO   FAVORITE 

Figure  25.  The  degrees  of  relationship  to  the  bull  Favourite  of  the  Duchesses  (solid 
line),  of  their  sires  (broken  line),  and  of  their  dams  (dotted  line).  For  eight  generations 
Bates  maintained  a  closer  resemblance  to  Favourite  than  between  parent  and  offspring  (50 
per  cent)    in  a  stock  not  inbred. 


a  "pure"  Duchess  strain  after  Bates' 
death.  On  the  whole  it  must  be  con- 
ceded that  Bates  managed  to  maintain 
a  happy  medium  with  respect  to  the 
plasticity  of  his  stock. 

Let  us  compare  a  little  more  closely 
the  methods  followed  by  Bates  and 
those  suggested  by  Mendelian  theory. 
In  combining  inbreeding  and  selection 
there  are  several  methods  which  may 
logically  be  followed  dei:)ending  on  the 
genetic  complexity  of  the  characters, 
the  importance  of  environmental  varia- 
tion and  such  factors  as  the  extent  of 
the  operations  and  the  amount  of  risk- 
to  be  undertaken. 

The  first  step  in  any  case  should  be 
selection  of  a  vigorous  foundation,  ap- 
proaching as  closely  as  jjossible  to  the 


desired  type.  This  was  the  step  taken 
by  the  Collings  in  purchasing  the 
original  Duchess,  Favourite  Cow,  the 
bull  Hubback,  and  so  forth. 

With  such  a  foundation  stock,  one 
might  practice  the  most  intensive  in- 
breeding in  a  large  number  of  distinct 
lines,  knowing  that  most  lines  would 
inevitably  deteriorate  greatly,  but  trust- 
ing that  a  few  would  be  found  in 
which  desirable  qualities  would  become 
fixed,  and  in  which  the  deterioration  in 
any  vital  respect  would  be  so  slight 
that  they  could  be  maintained  success- 
fully. By  crossing  such  lines  which 
have  withstood  this  acid  test  of  in- 
breeding, one  might  reasonably  hope  to 
recover  more  than  the  original  vigor 
and   retain  those  characters  which  had 
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l)een  fixed.  Such  a  method  is  especial- 
ly indicated  where  the  characters  are 
of  a  kind  determined  so  slightly  by 
heredity  that  genetic  differences  can  be 
recognized  only  on  comparing  lines 
which  have  been  kept  distinct  and  free 
from  outside  blood.  This  method,  an 
alternation  of  intensive  inbreeding  with 
selection  and  crossbreeding  of  the  few 
successful  lines  must  naturally  be  done 
on  a  large  scale  and  with  the  under- 
taking of  considerable  risk.  It  is  a 
method  adapted  rather  to  exi^eriment 
stations  than  to  private  individuals.  It 
is,  however,  an  important  method  and 
has  some  parallel  in  the  general  history 
of  the  breeds.  Many  of  the  early 
breeders  practiced  close  inbreeding. 
Only  a  few  like  the  Collings  were 
notably  successful.  The  strains  de- 
veloped by  these  successful  breeders 
were  intercrossed  to  found  the  present 
pure  breeds. 

For  the  individual  breeder,  however, 
theory  as  well  as  practice  indicate  thai 
the  most  reliable  method  is  the  main- 
tenance of  a  steady  level  in  closeness 
of  breeding  coupled  with  persistent  se- 
lection toward  the  desired  type,  the 
requisite  closeness  of  l)reeding  depend- 
ing, naturally,  on  the  heterogeneity  (»f 
the  foundation  animals  and  the  breed- 
er's skill  as  a  judge  of  livestock. 

Our  analysis  indicates  that  this  was 
the  method  pursued  by  Bates.  In  view 
of  Bates'  success  we  may  infer  that  the 
degree  of  inbrcc(Hng  practiced  by  him. 
40  per  cent,  represents  about  the  right 
amount  in  the  hands  of  an  exception- 
ally able  judge  of  cattle,  working  with 
a  material  as  heterogeneous  as  the 
original    Shorthorns. 


Summary 

It  is  shown  that  in  establishing  the 
famous  Duchess  family  of  Shorthorns. 
Thomas  Bates  started  with  CoUing- 
bred  stock  already  about  40  per  cent 
inbred  (i.  e..  which  was  40  per  cent 
less  heterozygous  than  the  original 
Shorthorns).  During  the  eight  genera- 
tions which  he  bred  himself,  through 
a  period  of  about  forty  years,  he  main- 
tained substantially  the  same  level  of 
inbreeding  by  constantly  introducing 
just  the  right  amount  of  fresh  blood 
to  keep  the  percentage  from  rising 
above  40  per  cent.  He  used  bulls, 
whether  of  his  own  or  other  breeding, 
which  averaged  about  40  per  cent  in- 
bred. The  relationship  between  the 
Dwchess  cows  and  the  bulls  with  which 
they  were  mated,  whether  bred  by 
himself  or  others,  was  kept  at  such 
point  that  a  correlation  of  about  +  .60 
would  be  present  in  purely  hereditary 
nondominant  characters.  throughout 
the  eight  generations.  Finally  during 
these  eight  generations  a  high  correla- 
tion, falling  gradually  from  .76  to  .57 
was  maintained  with  Colling's  bull. 
Favourite. 

It  is  suggested  that  these  levels  of 
inbreeding  and  relationshi])  yielded  the 
])roper  balance  between  the  extreme 
])lasticity  of  the  original  heterogeneous 
Shorthorn  stock  and  the  more  com- 
])lete  fixation  of  characters  which 
would  have  resulted  from  closer  in- 
breeding, to  enable  Bates,  with  his 
great  skill  as  a  judge  of  cattle  to  main- 
tain a  high  degree  of  vigor  and  to 
mold  a  new  tyi>e  according  to  his 
ideals  on  the  basis  of  the  ty|^  repre- 
sented by  Charles  Colling's  bull. 
Favourite. 
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Table  I — The  parentage  of  the  bulls  used  by  Bates  in  developing  his  Duchess  family. 


Bull 


Sire 


Dam 


Favourite    (252) 
Daisy    Bull    (18fi) 

Comet     (156) 

Kctton    (709) 
Kctton    II    (710) 

Kctton    III    (349) 
Marske    (418) 

Cleveland    (146) 
Young    Marske    (419) 
The    Earl    (646) 
2nd    Earl    (1511) 
3rd    Earl    (1514) 
2nd    Hubback    (1423) 

Bclvidere    (1706) 
Gambier    (2046) 
Norfolk     (2377) 
Shorttail    (2621) 
Holkar    (4041) 


Bolingbroke     (86) 
Favourite    (252) 

Favourite    (252) 

Favourite    (252) 
Ketton     (709) 

Kctton    II    (710) 
Favourite    (252) 

Ketton    III    (340) 
Marske    (418) 
Duke'    (226) 
The    Earl    (646) 
The    Earl    (646) 
The    Earl    (646) 

Waterloo    (2816) 
Bertram    (1716) 
2nd   Hubback    (1423) 
Bclvidere   (1706) 
Bclvidere   (1706) 


Duke  of   Northumberland     Bclvidere  (1706) 

(1940) 
2nd    Duke    of    North-  Bclvidere  (1706) 

umber  land    (3646) 
4th    Duke    of    North-  Shorttail    (2621) 

umber  land  (3649) 
Cleveland    Lad    (3407)  Shorttail    (2621) 


Phoenix 

By    Punch'    (531)    out    of    daughter 

of  Hubback  (319) 
Young   Phoenix   by   Favourite   out   of 

Phoenix  (his  dam) 
Duchess  by  Daisy  Bull 
By  son  of  Favourite  out  of  daughter 

of    J.    Brown's    bulP    (97) 
Duchess  3 
By     Favourite     out     of     daughter 

of  Favourite' 
Duchess  1 
Duchess  4 
Duchess  3 
Duchess  3 
Duchess  8 

Red    Rose    I    (see    Figure    16) 
Angelina    (see   Figure    15) 
Matilda    (sec    Figure    18) 
Nonpareil    (see    Figure    17) 
Duchess  32 
By  2nd  Hubback  out  of  daughter  of 

2nd   Hubback' 
Duchess  34 

Duchess  34 
Duchess  34 


2nd  Cleveland  Lad   (3408)     Shorttail    (2621) 
Lord  Barrington  (9308)         2nd    Duke    of    North- 
umberland   (3646) 
2nd   Duke  of   Oxford 
(9046) 


Matchem  Cow" 
Matchem  Cow" 

By    Cleveland    Lad    out    of    daughter 
of    Bclvidere" 
Duke    of    Northumberland    Oxford     2nd      (  full     sister     of     the 
(1940)  Cleveland   Lads) 


^  Punch  was  by  Broken  Horn  (95)  out  of  his  own  daughter.  Broken  Horn  in  turn  was 
both  son  and  grandson  of  Hubback  (319),  who  thus  appears  four  times  in  the  ancestry  of 
Punch  within  four  generations. 

'J.  Brown's  Bull   (97)   was  a  great  grandson  of  the   Studley   Bui!    (V>2'.\). 

"The  more  remote  top  sires  of  Marske  were  Punch,  Hubback,  Snowden's  Bull  (612)  and 
Masterman's  Bull   (422).     The  last  three  appear  in  the  pedigree  of  Favourite. 

^  Duke  (226)  w^as  by  Comet  out  of  Duchess  by  Favourite  and  was  hence  a  full  brother 
of  Duchess  I. 

^The  great  great  granddam  of   Holkar   (female  line)   was  by  a  son  of  Hubback. 

"  The  Matchem  Cow  introduces  more  outside  blood  than  any  other  animal  in  the  table. 
Her  sire,  Matchem  (2281)  had  four  top  crosses  of  bulls  without  any  blood  of  Favourite  or 
closely  related  animals  as  far  as  known  certainly.  Favourite  appears  as  the  fifth  top  sire 
and  again  as  the  eighth.  Bolingbroke  was  the  seventh,  Foljambe  the  ninth  and  Hubback  the 
tenth.  Only  the  maternal  grandsirc  of  the  Matchem  Cow,  Young  Wynyard  (2859).  had 
much  Favourite  blood.  He  appears  in  the  pedigree  of  Bclvidere  as  both  maternal  and 
paternal  grandsire. 

'  The  fourth  top  sire  was  a  grandson  of  Favourite  and  had  other  Favourite  blood :  the 
fifth  and  sixth  top  sires  also  had  much  Favourite  blood  while  the  seventh  was  Favourite 
himself. 
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Table  III — .1  suiiniiary  by  ycncrations  {female  line)  of  the  coefficients  of  inbreedint.i 
and  relationship  for  the  64  Duchesses,  inchtding  Duchess  I,  bred  by  Charles  Colling  and  pur- 
chased by  Bates  and  the  8  generations  bred  by  Bates. 


Inbreeding 

Relationship 

Generation  from 

No.  of 

Sire  and 

To 

Favourite 

Duchess  I 

Cows 

Individual 

Sire 

Dam 

Dam 

Individual 

Sire 

Dam 

0    (=   Duchess    I) 

1 

40.8 

47.1 

31.5 

58.7 

76.3 

80.5 

72.7 

1   (Bates) 

4 

43.5 

21.6 

40.8 

54.0 

68.6 

62.5 

76.3 

2 

10 

47.1 

43.4 

37.1 

67.0 

69.2 

72.1 

69.4 

3 

14 

42.4 

38.0 

43.9 

60.2 

67.9 

67.8 

68.7 

4 

7 

38.3 

38.6 

43.7 

54.7 

66.8 

64.9 

67.3 

5 

9 

36.7 

41.9 

42.5 

51.8 

67.3 

64.7 

67.4 

6 

10 

43.4 

35..5 

33.9 

64.4 

62.0 

61.7 

66.2 

7 

7 

36.4 

33.2 

34.9 

54.3 

56.7 

56.7 

57.9 

8 

2 

42.8 

32.1 

41.7 

62.6 

57.4 

56.7 

60.5 

Total 

64 

40.9 

37.5 

39.6 

59.2 

65.6 

65.1 

67.2 

Corn  and  Corn  Growing 


Corn    and    Corn    Growing.      H.    A. 
Wallace  and  E.  N.  Pressman.    Pp. 
253.     Price,  $2. 25.    Wallace  Publish- 
ing Co.,  Des  Moines.  Iowa.     1933. 
In  the  preparation  of   this  book   the 
authors  had  in  mind  college  instructors, 
]M-actical    corn    breeders    and    farmers. 
The  needs  of  the  two  latter  classes  have 
been  met  fairly  well,  but  it  is  difficult 
to  understand  how  the  book  can  serve 
any  useful   purpose   for  teachers,   lack- 
ing as  it  does  even  a  brief  bibliography. 
The    treatment    of    the    history,    origin 
and   botanical    classification    is    conven- 
tional— with     the     exception     that     the 
origin    of    the    dent    type    of    grain    is 
ascribed    to    the    hybridization    of    flint 
and  gourd  seed  forms. 

The  several  methods  of  breeding 
have  been  siunmarized  sanely  and  the 
conclusion  reached  that  the  method  of 
combining  inbred  strains  is  the  only 
remaining  possibility  of  increasing 
yield. 

The  space  devoted  to  heredity  is 
largely  taken  u\)  with  a  list  of  heritable 


characters  and  their  symbols  furnished 
by  Professor  R.  A.  Emerson  and  gene- 
ticists will  welcome  the  appearance  of 
this  material  in  print.  The  discussion 
of  the  subject  of  heredity,  however,  is 
too  elementary  to  interest  the  teacher 
and  too  technical  to  enlighten  the 
grower. 

An  admirable  effort  obviously  has 
been  made  to  avoid  dogmatic  statements 
on  debatable  points,  but  there  have  been 
some  failures  as  evidenced  by  the  con- 
clusion that  "each  row  of  corn  corres- 
])onds  to  a  spike  and  the  entire  ear  is 
a  combination  of  a  number  of  spikes 
which  have  grown  together,"  or  that 
"Each  ear  shank  contains  as  many 
nodes  as  the  stalk  bears  above  the  ear." 

The  discussion  of  cultural  practice, 
harvesting  and  testing  of  seed  corn, 
marketing,  cost  of  production  and 
judging,  is  probably  the  best  to  be 
found  in  any  one  publication  and 
should  prove  of  value  to  corn  growers. 

I.  H.  K. 


ASIATIC  BREEDS  OF  SHEEP 

Considered  From  the  Standpoint  of  Tail  Formation 

C.  C.  Young 
Denver,  Colorado 


WHEN  we  consider  the  Asiatic 
breeds  of  shee])  from  the 
standpoint  of  tail  development, 
it  is  possible  to  divide  them  into  five 
groups — longtails,  shorttails,  broad- 
tails, fatrumps,  and  fattails.  The  most 
important  to  us  are,  of  course,  the 
longtail  sheep,  of  which  there  are  very- 
few  in  Asia,  but  when  we  do  find  them 
there  they  are  not  unlike  our  longtail 
sheep  in  this  countr}*  possessing  from 
sixteen  to  twenty- four  vertebrae  and 
more  in  their  tails. 

The  shorttail  sheep,  of  which  we 
have  none  in  this  country,  have  gener- 
ally from  three  to  five  \ertebrae  in 
their  tails. 

Next  in  importance  is  the  fatrump 
{Ovis  Stcatopyga)  which  often  has  no 
tail  at  all,  but  has  two  huge  fat  pillows 
that  fit  on  the  buttocks,  and  on  cutting 
into  these  are  often  found  embqdded 
remnants  of  a  tail  consisting  of  two 
or  three  small  vertebrae.  Not  infre- 
quently there  is  a  tail  from  two  to 
three  inches  long  and  the  thickness  of 
a  man's  finger  which  protrudes  from 
about  the  center  of  the  fat  lobules  at 
their  juncture,  and  which  is  generallv 
covered  with  a  very  course  hair  varv- 
ing  in  color.  Most  of  the  fatrump 
breeds  are  red  in  color,  and  this  the 
reader  must  remember  as  I  will  speak 
of  this  particular  pigment  again. 

Three  different  fatrump  breeds  have 
been  brought  into  the  United  States : 
the  Achuri  from  Persia  by  Bailey,  the 
Khirgiz  from  West  Turkestan  by 
Hanson  and  the  Kalmick  from  Central 
Asia  by  myself. 

Where  I  crossed  fatrumps  to  long- 
tails  I  was  able  to  produce  broadtails 
{Ovis  Platyura)  of  which  there  are  a 
great  many  varieties.  Indeed  it  is  not 
an  unusual  thing  to  find,  in  this  coun- 
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try,  tyjMcal  broadtail  sheep  that  result 
from  a  cross  of  our  native  longtail 
sheep  on  the  Achuri,  commonly  known 
in  this  country  under  the  name  of 
"Persian."  Professor  Hanson,  of 
South  Dakota,  was  able  to  produce 
typical  broadtail  sheep  by  crossing 
Khirgiz  fatrumps  on  certain  domestic 
longtail  sheep.  The  Tartar,  Mongol, 
Chulmi,  Tshuiskoe,  Kalmick,  Buriat, 
Achuri,  Dedick,  Tshuntuk  and  many 
other  Asiatic  sheep  are  of  the  fatrump 
group. 

There  are  a  great  many  broadtail 
breeds  in  Central  Asia  and  Asia  Minor 
and  in  Southeast  Europe,  but  none  of 
them  produce  tight  curls  except  the 
Karakuls.  The  Malitch  of  the  Crimea, 
the  Karachaev  and  Osetin  of  the  Cau- 
casus often  produce  very  lustrous  but 
open  curls,  except  where  they  have  been 
bred  to  Karakuls.  The  only  two  broad- 
tail breeds  that  were  ever  imported  to 
the  United  States,  namely  the  Karakul 
and  the  Karachaev  were  brought  here 
by  myself.  The  latter  often  possess 
more  than  two  horns.  In  the  broad- 
tail breeds  we  have  generally  the  same 
number  of  vertebrae  in  the  tail,  as  is 
the  case  with  the  longtails,  but  on  each 
side  of  the  upper  three-fourths  of  it 
we  find  a  broad  triangular  flap  con- 
sisting mostly  of  adipose  tissue,  which 
gives  it  the  appearance  of  a  very  broad 
tail,  hence  the  name  Ovis  platyura. 

The  fattail  breeds  are  not  numerous 
and  we  have  none  of  them  in  the 
United  States.  They  must  not  be 
confused  with  the  broadtail  or  fat- 
rump breeds  which  are  sometimes 
called,  in  this  country,  fattails.  The 
fattail  is  a  longtail  which  has  up  to 
forty-two  vertebrae  in  its  tail,  which 
often  drags  on  the  ground.  Through- 
out its  entire  length  the  tail  is  about  as 
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BLACK   FATRUMP    RAM 
Figure  26.     This   ram    is   typical   of   the   Tshuiskoc   brt-fd   of    Bokhara.      Most    fatrunip 
sheep  are  red,  and  it  is   from  these  red  breeds  that  much  of  the  deterioration  in  the  quahty 
of  the    fur-bcarinR   Karakuls   has   come. 


broad  again  as  the  average  longtail, 
often  broader.  I  am  under  the  im- 
pression that  the  fattails  resuhed  from 
a  cross  of  the  fatrumps  on  the  long- 
tails,  as  on  two  occasions  I  have  ob- 
served among  Karakuls  ty])ical  fattail 
sheep.  Suffice  it  to  say  here  that  tlv 
typical  fattailed  breed  in  Russia  is  the 
Voloshskaja.  but  there  are  .several 
others. 

Breeds  of  Fur-Sheep 

There  arc  no  tight  curled  fur-bear- 
ing sheep  among  the  fatrumps.  fattails 
or  shorttails.  but  we  do  find  them 
among  the  broadtails  and  the  longtails. 
With  the  exception  of  the  Karakul  and 


the  jiractically  extinct  l^anadar  iji"eeds 
no  other  sheep  known  has  ever  pro- 
duced the  much  wanted  i)i])e-like  and 
pin-head  tight  curls.  Such  breeds  as 
the  Karachaev.  the  Osetin  and  other 
breeds  of  Asia  Minor,  and  the  Malitch 
of  the  Crimea  (which  often  gives  us  a 
gray  skin,  "the  Krimmer.")  have  given 
us  beautiful,  black,  lustrous  skins,  but 
with  o|)cn  curls,  as  ])reviously  stated, 
and  the  same  thing  apjilies  to  such 
longtail  breeds  as  the  Tchushka  of 
Bessarabia,  the  Reshetiliev  and  Soko- 
liev  of  Poltava.  If  here  and  there 
tight  curled  skins  were  produced  by 
the    Malitch    breed    of    the    Crimea,    it 
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FATRUMP     AFGHAN     SHEEP 

Figure  27.     These  sheep  were  photographed  just  after  shearing,  by  an  Enghsh  engineer, 
A.  C.  Jewett,  who  entered  Afghanistan  in   1912,  some  months  before  the  author. 


wa.s  entirely  due  to  Karakul  admixture 
and  the  same  thing  must  be  said  of  the 
breeds  above  mentioned. 

The  Karakul  owes  its  fur  bearing 
qualities  to  the  Danadar.  Both  breeds 
are  indigenous  to  West  Turkestan. 
Northern  Persia  and  Afghanistan.  The 
black  Danadar,  the  original  fur  sheep 
of  Central  Asia,  has  become  practically 
extinct  in  the  past  ninety  years  and 
outside  of  the  small  flock  discovered 
by  the  Dragoman  Petroff,  of  New 
Bokhara,  and  myself  at  Kedjumek. 
Bokhara.  I  cannot  say  that  I  have  ever 
.seen  anotlier  herd,  although  it  is  possi- 
ble to  view  occasionally  a  Karakul  with 
the  typical  characteristics  of  the 
Danadar.  the   result  of  atavism. 

I  have  the  best  of  reasons  to  believe 
that  had  I  been  enabled  to  explore  the 


territory  on  both  the  Bokhara  and 
Afghan  sides  of  the  Upper  Piandge  I 
probably  would  have  found  a  few 
more  Danadars.  but  an  exj^edition 
through  that  cotmtr}-  is  a  stupendous 
task.  In  fact  it  was  impossible  for  a 
foreigner  to  penetrate  that  country  be- 
fore the  war  on  account  of  the  fanati- 
cal, hostile  natives  and  the  dangerous 
wild  animals,  and  moreover  the  laws 
of  Russia  prohiliited  foreigners  from 
entering  that  country.  There  is  little 
doubt  in  my  mind  that  the  black  Ciadir 
of  Afghanistan  is  in  reality  the  black 
Danadar,  who  has  lost  all  his  fur 
qualities  on  account  of  fine  wool  ad- 
mixture of  the  white  fine-wool  Afghan 
shecji.  The  Look  Nakbo  of  Thibet  is 
another  close  relative  of  the  Danadar 
and  the  same  applies  to  the  Osetin  and 


KARACHAEV    JtWE 

Figure  28.  This  is  one  of  the  typical  broadtail  breeds  found  in  North  Caucausus  and 
Asia  Minor.  They  frequently  have  more  than  two  horns.  Many  broadtail  sheep  are  found 
in  Central  Asia,  Asia  Minor,  and  Southeast  Europe.  With  the  exception  of  the  Karakuls, 
none  of  them  produce  skins  having  tight  surls. 


RUSSIAN     SHUKTTAlLhl)     AND     LONGTAILED     SHEEP 

FiGiRE  2ii.  On  the  left  is  a  shorttailcd  ewe  of  the  breed  called  Korotkochoostja  by  the 
Russians.  On  the  right  is  a  longtailed  Sokolicv  ewe.  All  the  domestic  breeds  of  sheep  in 
this  country  arc  long  tailed,  but  this  type  has  only  a  very  unimportant  place  among  the 
Asiatic  breeds.     These  sheep  were  photographed  in  the  province  of  Poltava,  European  Russia. 
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A   FATTAILED    RAM 

Figure  30.  The  tail  of  this  six-months-old  Voloshskaja  ram  is  already  of  fair  size. 
At  maturity  it  will  wight  twenty  pounds  or  more,  as  will  have  to  be  supported  to  keep 
it  from  wearing  itself  out  against  the  ground.  Sheep  of  this  type  are  not  common  in  Asiatic 
Russia. 


Karachaev  of  the  Caucasus,  the  Ma- 
litch  of  the  Crimea,  the  Tchushka  of 
Bessarabia,  the  Reshetiliev  and  Soko- 
liev  of  the  Poltava.  The  Zigai  may 
also  be  included. 

The  original  black  Danadar  was  a 
small  sheep  with  a  striking  resemblance 
to  the  hairy  Navajo  before  that  breed 
was  ruined  by  fine  wool  admixture.  It 
had  thin  legs,  a  small  head  with 
straight  nose  line,  short  erect  ears,  a 
long  tail,  and  coarse  lustrous  black 
wool  that  does  not  become  gray  at 
maturity. '  This  is  in  contrast  with  the 
case  of  our  black  Cotswolds,  which 
turn  gray  when  about  twelve  months 
old,  and  with  that  of  the  Karakuls  free 
from  fine  wool  admixture. 

It    was    my    great    fortune    to    view 


several  Danadar  skins  at  Kedjumek. 
The  Danadar  lambs,  at  birth,  pos- 
sessed wonderful  velvety  lustrous  skins 
with  very  small  entirely  closed  curls, 
in  size  from  that  of  a  black  pin  head 
to  that  of  a  pea.  These  curls  grad- 
ually open  up,  making  it  necessary  to 
kill  the  lambs  within  a  few  days  after 
birth.  Otherwise  the  skins  lose  their 
beauty  and  value. 

I  have  seen  several  Karakul  lambs 
in  my  flock  with  the  unmistakable  pea- 
like curl  of  the  Danadar.  It  is  possi- 
ble that  in  time  we  might  resurrect  the 
extinct  Danadar  sheep,  but  it  would 
be  an  expensive  undertaking  and  it  is 
a  great  question  whether  the  furrier 
would  pay  more  for  their  skins  than 
for  the  Karakul  skins  with  tight  pipe- 
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THE    LAST    OF    THE    DANADARS 

Figure  31.  These  sheep  are  as  pure  Danadars  as  have  been  discovered  in  recent  years, 
and  they  are  considerably  contaminated  with  fine-wool  blood.  The  Danadar  was  the  original 
fur  sheep  of  Central  Asia,  but  the  pure  breed  became  extinct  nearly  eighty  years  ago. 
Photograph  by  the  Dragoman   Fetroff.   Russian    lunbassy   of   \cw    Bokhara. 


like  curls,  known  in  this  ct)untry  under 
the  trade  name  of    Persian   Lamh   Fur. 

Many  of  the  Danadar  sheep  that 
were  in  tho.se  .sections  of  Bf)khara  lyinj^ 
close  to  the  horder  of  Afghanistan,  the 
home  of  the  white  fine  wool  Af,e;lian 
shcej),  hccame  in  time  }.(i'ay.  Mi.xture 
of  the  Danadars  with  the  fatrump 
breeds  resulted  in  the  development  of 
various  ])eculiar  broad  tailed  breeds 
which   we   find   today   in   Central    Asia. 

Those  black  Danadars  that  received 
but  a  slii^dit  admi.xture  of  the  fatnunp. 
develo])ed  a  tail  resemblini;  that  (tf 
half  blood  to  three-f|uarter  blrxxl  Kara- 
kuls in   this  countrv. 

No  Pure  Breeds  in  Central  Asia 

The  s^M-ade  Danadar  ju.st  discussed  is 
the    sheep    which     Dr.     Sinitzin     foinid 


some  forty  years  ai,n)  near  the  l^ke 
of  Kara  Kul  where  many  .Vrabs  were 
engaged  in  sheej)  raising,  and  thf)se  of 
their  sheep  that  produced  lamb  skins 
of  greater  value  were  called  "Arabi." 
In  studying  Sinitzin's  description  of 
the  .Arabi,  one  encounters  the  same 
characteristics  as  are  found  in  the 
black  Danadar.  except  that  the  .Arabi 
turn  gray  at  maturity  which  is  not  the 
case  with  the  black  Danadar.  Sinitzin 
even  speaks  of  the  Arabi  as  being 
practically  a  longtailcd  sheep.  It  is 
easy  to  understand  why  Sinitzin  saw 
more  of  the  so-called  .\rabi  than  any- 
one who  visited  F)okhara  twenty  to 
twenty-five  years  later,  since  the  na- 
tives have  for  years  made  it  a  practice 
to  kill  the  lambs  with  the  most  valuable 
skins.     Snme  investigators  realized  that 
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A  RESHETILIEV   RAM 

Figure  32.     This  breed  is  a   close   relative   of   the   extinct    Danadar.     Like   the    Danadar 
they   have   long  tails. 


it  was  a  difficult  matter  to  speak  of 
any  distinct  breeds  of  sheep  in  Central 
Asia,  as  we  use  the  word  in  this  coun- 
try, since  the  flocks  of  the  natives  con- 
sist of  a  mixture  of  all  imaginable 
kinds  of  hybrids.  The  writer  is  not 
alone  in  speaking  of  the  Karakul  as 
being  a  mongrel  sheep.  Karpoff.  of 
the  Russian  Dej^artment  of  Agricul- 
ture, is  making  that  quite  clear  in  his 
bulletin,  and  one  needs  but  look  at  a 
flock  of  Karakuls  to  satisfy  himself 
that  he  is  looking  at  anything  but  pure 
bred  animals.  Only  where  the  closest 
inbreeding  has  been  ])racticed  is  there 
a  semblance  of  uniformity  of  tyi^e  and 
im fortunately  that  is  accomplished  at 
the  expense  of  the  tightness  of  the 
curls,  upon  which  the  real  value  of 
Karakul  lamb  skins  depends,  as  close 
inbreeding  tends  to  make  the  wool 
finer. 


I  might  explain  here  that  the  word 
"Karakul"  covers  a  multitude  of  sins 
in  Central  Asia  and  only  about  one  out 
of  a  hundred  of  the  so-called  Kara- 
kuls has  enough  of  the  Danadar  strain 
in  it  to  produce  the  tight  curls  so  much 
desired. 

^\'hen  it  comes  to  the  large  Arabi 
which  Sinitzin  describes,  he  could  not 
]x)ssibly  have  meant  anything  other 
than  the  large  Karakul,  also  known  as 
Doozbai.  W'hat  is  more  natural  than 
to  expect  a  h3'brid.  resulting  from  a 
cross  of  the  small  Danadar  upon  a  fat- 
rumj^  to  possess  the  characteristics  of 
the  fatrump?  The  typical  fatrump 
possesses  a  large  body,  in  fact  is  the 
largest  sheep  in  the  world,  with  a  large 
generally  hornless  head,  a  convex  nose 
line,  long  drooping  ears,  thick  legs, 
coarse  brittle  hairy  fleece,  generally 
red.      Sinitzin's    large    Arabi    possesses 
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AFGHAN  FINEWOOL  SHEEP 

Figure  34.  By  mixture  with  the  finewool  breeds  the  fur  sheep  industry  of  Central  Asia 
is  being  rapidly  and  permanently  ruined,  as  Karakul  sheep  contaminated  with  this  strain  will 
not  produce  skins  with  the  prized  tight,  lustrous  curls.  The  shepherds  are  Afghans,  photo- 
graphed by  the  author  at  Karshi,  near  the  border  of  Afghanistan. 


all  of  these  characteristics  except  that 
some  of  the  bucks  are  horned,  come 
black  at  birth,  turn  gray  at  maturity, 
and  the  tail  formation  is  such  as  to 
make  them  typical  members  of  the 
broadtail  breeds.  It  is  true  that  Sinit- 
zin's  Doozbai  contains  much  more  fat- 
rump  admixture,  evidenced  by  a  broad 
tail  of  tremendous  size.  While  many 
of  them  have  enough  black  Danadar 
in  them  to  come  black,  the  majority  of 
them  come  red.  and  in  selecting  them 
one    should    avoid    those    specimens    in 


which  the  tail  bears  too  close  a  resem- 
blance to  the  fat  pillows  of  the  fat- 
rumps. 

As  far  as  Sinitzin's  Shiraz  is  con- 
cerned, that  is  largely  a  myth,  but  one 
finds,  here  and  there,  a  typical  Dooz- 
bai whose  offspring  come  gray.  The 
white  is  no  doubt  due  to  the  little  white 
Afghan  finewool.  the  black  that  of  the 
Danadar.  and  the  red  (I  have  seen 
Shiraz  skins  with  all  three  of  these 
colors)  that  of  the  fatrump.  In  all 
my  three   importations   I   brought  only 
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one  Shiraz  to  this  country  and  I  am 
asking  myself  today  why  I  wasted  m}- 
money  on  him.  as  the  gray  skins  pro- 
duced by  these  peculiar  accidents  of 
atavism  are  almost  invariably  with 
open  curls  and  therefore  can  easily 
be  imitated  by  kid  skins,  which  the  fur- 
rier can  buy  for  fifty  cents  apiece. 

I  have  decided  that  the  proper  thing 
for  the  American  lireeder  to  do  is  to 
call  all  Central  Asiatic  sheep  of  the 
general  type  that  I  have  brought  to 
the  United  States  Karakuls  and  to  for- 
get about  everything  else,  as  it  is  most 
confusing.  It  suffices  to  tell  a  novice 
that  Karakuls  are  of  various  sizes  and 
are  not  bred  with  a  view  of  attaining 
uniformity  of  type,  unless  one  is 
breeding  them  for  mutton  purposes; 
that  the  only  thing  that  really  counts 
is  tightness  of  curl,  and  that  all 
rams  that  fail  to  sire  ]aml)s  with  such 
curls  in  the  first  or  second  cross  should 
be  eliminated. 

I  have  asked  many  specialists  what 
caused  the  tight  curl  in  the  Karakul,  or 
of  the  Negro  in  the  genus  Homo.  Some 
thought   it   was    due    to    keratin,    wliicb 


is  more  abundant  in  the  coarser- 
wooled  breeds  than  is  the  case  in  the 
finewools.  That  keratin  gives  us  a 
certain  stift'ness.  which  causes  the  curl 
to  remain  closed,  is  possible.  I  know 
from  numerous  tests  made  by  Pro- 
fessor Wallace  of  Edinburgh,  Simon- 
son,  myself  and  others,  that  the  Merino 
and  Rambouilette  will  not  give  us  even 
a  semblance  of  tight  curl  formation  in 
the  first  cross,  in  fact  not  even  in  the 
second  cross,  while  certain  coarsewools 
have  often  given  us  beautiful  tight 
curls  in  the  first  cross.  1  would  like 
to  refer  the  reader  to  the  bulletin  is- 
sued by  Professor  Wallace  which  ap- 
peared in  the  Journal  of  the  Board  of 
Agriculture,  August.  li)15.  which  i> 
]:)rinted  under  the  authority  of  His 
^Majesty's  Stationery  Office.  Roth  rams 
mentioned  were  furnished  by  myself 
P.ut  if  keratin  is  the  "Hauptgrund"" 
then  why  does  the  wild  Argali  lamb,  or 
some  of  the  fatrump  lambs  of  Central 
.Asia,  that  have  a  coarser  fleece  than 
the  best  Karakuls,  not  come  with  tight 
curls?  The  same  may  be  said  of  tin 
Rockv  Alountain  sheep. 


Errata 


Huxu-LN',  jri.i.AN.  (iliinds  and  Dc- 
vclopvictit.  \'ol.  XI 11,  Pages  ',i')\  and 
;io3.  The  statement  under  Figures  H 
and  0  that  thyroid  extract  or  iodine 
produces  metamorphosis  in  axolotls  is 
an  editorial  error.  In  the  fourth  line 
under  Figure  S  the  words  iodine  or 
should  be  deleted.  In  the  first  line 
under  l^'igure  !».  for  lorline,  read 
Thyroid. 

Di'NN,  SciiNKiDKU   AM)  W'kkh.     In- 


heritance of  Sf^ottin;/  in  Holsiein  Cat- 
tle. Vol.  Xl\'.  Page  'l'i(\.  Thirteen 
lines  from  top  of  left-hand  column, 
change  55.5.4  to  read  455.4. 

Cj.\khi:r  .and  yrisr,.NHERKV.  Oriijin 
of  False  Wild  Oats.  Vol.  Xl\'.  l*age 
270.  Fourth  line  under  Figure  10. 
change  Arena  nuda  to  read  Arena 
fatna.  ( )n  page  '2(>S.  five  lines  from 
bottom  of  left-b.'uid  column,  read 
second  generation. 
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